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1 SUMMARY
1.1 Background

As part of its Space Processing Program, NASA has expended consgid-
erable effort in developing preparative cell electrophoresis in
zero g. It is to be used as a method of separating biological
cells into subpopulations, the subsequent recovery of which will
have significant benefit in biomedical applications. As the
preparative electrophoresis program gained momentum and flight
hardware came closer to being made available to a broadly-based
medical and biological user community the need became apparent for
an accurate and rapid method of assessing the possitility of
separating candidate subpopulations on the basis of their electro-
kinetic properties. It was clear that accurate analytical data on
the electrophoretic mobility distribution of a sample had to be
available before a decision as to the feasibility of a separation
could be made. Such data would be vital as well for determining
which mode of preparative electrophoresis should be applied to a

particular problem, and under what operating conditions.

At the time this contract was let the standard method for obtain-
ing analytical electrophoretic data on cell populations was
through the use of the microelectrophoresis method (1). The
technique consists of visually observing the motion of individual

cells through a microscope focussed at the stationary layer of the
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sample chamber and timing their motion across a calibrated eye-
piece graticule with a hand-actuated stopwatch. Knowing the
interval over which each cell migrates in the measured time the
cell velocity, and hence electrophoretic mobility (velocity per
unit electric field strength applied) can be calculated. Indivi-
dual cell mobilities are then accumulated from the same sample
population and the data displayed as a histogram of cell number as

a function of mobility.

The microelectrophoresis method suffers from three principle
disadvantages as current employed:

e It is slow; under the best of conditions only 20 to 30
measurements can be made before the sample murt be
replaced and either the original sampled re-measured -
with danger of subsequent cell damage due to multiple
pipetting - or a new sample must be introduced,
necessitating large numbers of cells being made avail-
able, Each filling takes ~ 15 minutes, so only 80 to
120 points can be accumulated per hour, and this rate
is seldom realized in practice for a variety of

technical reasons.

e It is of limited accuracy. Timing displacements by eye
introduces errors due to human reflexes, judgement of

sharpness of focus and sometimes bias in cell selecticn
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that limit reproducibility to approximately * 3%.

e it is extremely wearing on those making the measure-
ments. Eye strain is frequently severe and virtually

nobody can work at the rate given above for a full day.

In a program of the magnitude and length of that being considered
by NASA it seemed clear that a large number of analytical determi-
nations on complex cell populations would be required and that
manual mobility distribution determinations would therefore not be
suitable. Furthermore, it seemed that with state-of-the-art
technology it was feasible to automate analytical electrophoresis
by any of several techniques in such a way as to alleviate all of
the problems associated with the manual technique. In order to
determine just what operating specifications should be required
of the automatic apparatus, and to determine what technical
approach might best be followed to meet such specifications the

present contract was awarded.
1.2 Objectives
The present project has the following aims:

e To provide performance specifications for an Automated

Analytical Electrophoresis Facility (AAEF);

o To identify which of the currently recognized techniques
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for automating analytical electrophoresis may best be

expected to satisfy these specifications;

e To provide a priority rating for the performance

specifications.

1.3 Approach

In order to provide specifications for the AAEF that would satisfy
the broadest variety of demands of a future user community, a
survey was carried out of all those people who were identified as
having published papers on cell electrophoresis in the past four
years, These researchers were identified from surveys carried out

to our specifications by the Institute for Scientific Information,

Philadelphia. The Institute carried out a computer search of the
relevant literature from which a list of 87 investigators was
derived and defined as the user community for purposes of the
mailing. A questionnaire was developed covering the areas of
performance which required definition which was subsequently
circulated to the user community. A copy of the questionnaire
and the list of scientists to whom it was mailed is included as
Appendix 1 to this report. Based on the response to this survey
and on the personal experience of the PI as well as that of others
in the Department of Neurology at the University of Oregon Health
Sciences Center, the performance specifications given below were

assembled.
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The recommendation regarding which technique was felt to be most

appropriate for the AAEF was based on an examination of the possible

approaches to the problem, and on discussions with a series of

experts in areas with possible application to the AAEF. The

approaches, and the experts consulted, were as follows:

Technique

Laser doppler spectroscopy

Laser doppler spectroscopy

Optical transduction of image
of moving particle field

Computer analysis of video
image of moving particles

Particle field holography

Investigator

Dr. B.R. Ware
Department of Chemistry
Harvard University
Cambridge, Mass. 02138

Dr. E.E, Uzgiris
General Electric Research

and Development Center
Schenectady, N.Y. 12301

Mr. Phil Goetz

Pen Kem Company

P.0. Box 364

211 Cleveland Dr.
Croton~on-Hudson, N.Y, 10520

Dr. Peter H. Bartels
Optical Sciences Center
University of Arizona
Tucson, Arizona 85721

Dr. J.L. Trolinger
Spectron Development
Laboratory

3303 Harbor Blvd.
Costa Mesa, Ca. 92626

As discussed in the Detailed Technical Section, there were good

reasons for eliminating all but one of the above methods, result-

ing in the recommendation made below.
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The priority rating for the performance specifications were derived,
like the specifications themselves, from a consideration both of
the user community survey results and of the PIl's personal exper-
ience. In fact, it turns out that the recommended approach to
implementing the AAEF is anticipated to be capable of satisfying
virtually all of the performance specifications, and should pro-
vide additional capabilities as well so the priority rating will

probably be of little utility,

1.4 Results
1.4.1 Performance Specifications for the AAEF

It is felt the AAEF should be capable of performing to the
following specifications:
o The mobilities of approximately 500 cells st.ould be obtained
in 10 minutes from a sample of 103 cells or less. Separate
mobility distributions should be able to be collected at a

rate of 4 per hour.

o Excluding problems associated with cell sedimentation the
AAEF should be capable of collecting mobility data on non-
pigmented ce”1ls in the size range of 0.5 to 100 micronms in

diameter.

o Each individual mobility determination should be accurate

to + 0,3% over a mobility range of 0.2 x 1074 cm? o71 y-1
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to 8.0 x 10'4 em? g~1 v71,

The AAEF must be capable of operating with suspending media

-1

of specific conductivity <0,021 Q"1 ca™! over a temperature

range of 4°C to 37°C and over a pH range of 2 to 1l.

The chamber and electrodes should be compatible with normal
biological support media (containing proteins, carbohydrates,
multivalent ions, etc.) in their operating configuration.
Measurement conditions and chamber materials should be such
that cells undergoing measurement retain the same viability
and surface properties as an appropriate control suspension

not exposed to the instrument.

The applied electric field may be either DC, or AC to take
advantage of the suppression of electroosmotic flow in the
electrophoresis chamber, provided the applied field fre-

quency is less than approximately 1.0 kHz.

The AAEF should incorporate the capability to recognize and
record other individual cell parameters besides electro-
phoretic mobility, as seem appropriate for the population
under examination. In particular, the ability to distin-~
quish between cells with and without a fluoreacent label

should be included in the AAEF.

P



e As well as providing hard copies of electrophoretic mobility
distributions, the AAEF should include the capabiliry for
detailed statistical analysis of the mobiléty data. These

programs should provide:

e descriptive statistics for the data.

o assessment of the unimodality of the mobility
distribution via the computation of distribution-
free statistics for goodness of fit to known
mobility distributions obtained from calibration

populations.

e special locally most po.erful test statistics to
detect very small subpopulations of known mean and
standard deviation, with errors of the first and

second kind controlled to withia presect limits,

1.4.2 Recommended Technique for Developing AAEF

1t is recommended that the AAEF be based on computer analysis of a
video image produced by a television camera linked to the micro-
scope of a microelectropnoresis apparatus. The principle of this
approach is described in detail in an unsolicited contract proposal
from the Optical Sciences Center of the University of Arizomna to

Marshall Space Flight Center dated April 22, 1975. The approach
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described in that submission should in general be fcllowed except

that:

o The electrophoresis chamber must be very well thermo-

statted to allow the potential accuracy of the technique
to be realized. This will probalblvy necessitate a
change in the optics since the long working distance
phase contrast objective originally suggested will no

longer be appropriate.

An alternating electric field should be used to drive
electrophoretic migration since in this way a much
greater depth of field may be utilized in the optics.
As discussed in Section 2.1.6 use of alternating fields
at frequencies 3 100 Hz suppresses electroosmotic flow
over greater than 50% of the chamber cross-section
resulting in a constant, near-zero flow velocity. If
mobilities are determined anywhere in this region their
values will be independent of position and their absolute
values easily obtainad. Provision should also be made
for stepping the focal plane through a series of posi-
tions so that speed of measurement will not be limited
by the time necessary for sedimentation of a new cell

population into the microscopic field.
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1.4.3 Priority Rating of Specifications

If it is necessary to compromise on any of the performance specifi-
cations the following list should be used as a guide in the choice
of trade-offs or capability limitations. The characteristics
required of the AAEF, in decreasing order of importance, may be
grouped as follows; characteristics within a given group are

considered to be of roughly equal importance.

Group 1
e Determine individual mobilities of ~ 500 cells of
diameter 2 to 25 microns within 3u minutes from a

sample of 107 cells or less.

e Determine individual mobilities to an accuracy of
t+ 1.0% over a mobility range of 0.5 x 10—4 to

3.0 x 1074 en? 71 vl

e Operate at 25°C with suspending media of specific

1 1

conductivity < 0,02 @ © cm™ " over a pH range of

6.5 to 7,5,
e Use applied electric fields of frequency < 1000 Hz.

e Chamber and electrodes must be compatible with normal
biological support media (containing proteins, carbo-
hydrates, multivalent ions, etc.) in their operating

configuration. Measurement conditions and chamber

10
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materials shall be such that cells undergoing measure-
ment retain the same viability and surface properties
as an appropriate control suspension not exposed to

the instrument.

e Provide hard copy of mobility distribution plus mean

and standard deviation of total population.

Group Il
¢ Determine individual mobilities of ~ 500 cells within
10 minutes at a rate of four total determinations per

hour.

o Provide a statistical assessment of the unimodality
of the mobility distribution via the computation of
distribution-free statistics for goodness of fit to
known mobility distributions obtained from calibra-

tion populations.

Group I1II
o Determine mobilities on a total sample size of 10°

cells.

o Excluding problems of sedimentation the apparatus
should be capable of collecting mobility data on cells

in the size range 0.5 to 100 microns in diameter.

11
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o Determine individual mobilities to an accuracy of
+ 0.3% over a mobility range of 0.5 x 1074 to

3.0 x 1074 cm? 71 v1.

e Operate over a temperature range of 4°C to 37°C and a

pH range of 2 to 11.

e Incorporate the capability of recognizing and record-
ing other individual cell parameters besides electro-
phoretic mobility, as seems appropriate for the popu-
lation under examination. In ;articular, provide the
ability to distinguish between cells with and without

a fluorescent label.

1.4.4 Comments on User Community Survey

Of the 87 surveys mailed out to the electrophoresis user community
31 replies were received, many from well known investigators in
the electrophoresis field. The vast majority of respondents
commented favorably on the concept of the AAEF (see Appendix 1)
and many asked to be kept aware of its development. A number of
different uses for the apparatus were suggested, many of which

were clinical in nature. These included:

Medical research uses; suggests Chris J. van Boxtel, M.D.
connecting AAEF to an automatic Visiting Scientist
cell-separation device Department of Pharmacology

Vanderbilt University
School of Medicine
Nashville, Tennessee

12 .
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Lympho yte electrophoresis

Study large monocytes,
trephoblasts in zero g

Work with cells from immuno-
deficient babies, spleen cells
and lymphoid cells

Analysis of different °“ractions
of platelets obtained by other
meins, separated according to
mopnility, and in fairly small
amounts (v 100 platelets/

fr: ction)

Study of the mobility of cells as
functious of ionie strength at a
given pH to gair understanding of
confor.national change of the
biopolymers at interfaces;
microelectrophoretic study of
adsorbed proteins and nucleic
acids for genetic features of

the adsorbed biopolymers

AAEF would be usefrl in study-
ing subcellular parcticles, as
well as in dev- loping an early
detection 0. membrane systems
alterati_.as which could
possibl, act as pathogenetic
factc.s

Liectropioretic fraztionation
of aseptic cells cor subse-
quent cell culture to detect
colony formang ability

13

Dr. Chollet

Centre Jean Perrin

place Henri Dunart

B.P. 392

63011 Clermont Ferrand Cedex
France

Dr. S.N.S. Hanjan
Dept. of Biochemistry
All India Institute of
Medical Sciences

New Delhi - 16, India

Dr. Johan N, Willig
5016 Haukeland Hospital
Norway

Dr. Donna J. Carty

Dept. of Biochemistry
Jordan MEB

Univ. of Virginia
Charlottesville, Va. 22901

Dr. D.K. Chattoraj

Dept. of Food Technology and
Bio~chemical Engineering
Jadavpur University

Calcutta - 700032, India

Dr. Gabriela Dinescu-Romalu
Institutue Oncologie

Dept. Immunology and
Biochemistry of Cancer
B-dul 1 Mai Nr. 11

POB 5916

Bucuresti 12, Romania

Dr. Chikako Sato

Dept. of Experimental Radiology
Aichi Cancer Center Res. Inst,
Chikusa-ku

Nagoya, Japan
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Electrokinetic characterization
of lymphocyte svbpopulations;
documentation of electrophoretic
behavior of blood platelets on
exposure to a variety of pharma-
ceutical agents; kinetic studies
of cellular growth rates, cell
cycle changes and regeneration
of modified cell surfaces of
cultured or isolated biological
cells by electrophoretic means

Use of AAEF in developing an
accurate test for malignant
disease

Use of AAEF in platelet studies

Use of a high precision instru-
ment in determination of E.M.
in the area of cell membrane
immunogenetics and immuno-
chemistry and many other
studies

Detection of small electro-

pboretic subpopulations

Use of AAEF in cancer diagnosis
emphasized by the MEM test
(BMJ 2, 613 (1971)

Use of AALF in detecting cancer
in connection with the MEM test

14
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Dr. G.V.F. Seaman
Dept. of Neurology
Univ. of Oregon Health
Sciences Center
Portland, Ore. 97201

Dr. Alan W. Preece
Principal Physicist
Radiotherapy Centre
Horfield Road
Bristol, BS28ED, U.K.

Dr. J.R. Hampton
Dept. of Medicine
General Hospital
Nottingham, England

Dr. P. Rubinstein
New York Blood Center
310 E. 67th St.

New York, N.Y. 10021

Dr. Paul Todd
618 Life Sciences Bldg.
University Park, Pa. 16802

Dr. Alan S. Coates

Walter and Eliza Hau Instit.
¢/o P.0. Royal Melbourne
Hospital

Victoria 3050, Australia

Dr. John Moore
Velendre Hospital
Whitchurch
Cardiff, U.K.
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Measurement of mobilities of
micelles of surface active
agents, overcoming difficulty
in observation due to refrac-
tive index close to that of
water

Use of AAEF in study of endo-
thelial cells, blood platelets,
erythrocytes and kidney cells

Use of AAEF with mixed popula-
tions of cells and cells used
for cell culture

Study of platelets, especially
in presence of ADP or nor-
adrenaline and other new
compounds

Dr. J.B. Kayes
Pharmaceutics Res. Group
Pharmacy Dept.

Univ. of Aston

Bosta Green

Birmingham B4 7ET, U.K.

Dr. Reginald G. Mason
Dept. of Pathology

The Memorial Hospital
Pawtucket, R.I. 02860

Dr. Richard M. Fike

Dr. Carel J. Van Oss
Dept. of Microbiology
School of Medicine
State Univ. of New York
Buffalo, N.Y. 14214

Mr. E.G. Tomich

Glaxo Research Ltd,.
Sefton Park

Stoke Poges
Buckinghamshire SL2 4DZ
England

it would seem that the above investigators might usefully be

contacted when the scientific community is invited to participate

in the more advanced NASA electrophoresis flight opportunities.
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2 DETAILED TECHNICAL SECTION

2.1 Performance Specifications for the AAEF

The specifications given in Section 1.4.1 are discussed in detail

below with the rationale for each.

2.1.1 Sample Size and Rapidity of Measurement

The mobilities of approximately 500 cells should be obtained in
10 minutes from a sample of 10° cells or less. Separate mobility
distributions should be able to be collected at a rate of 4 per

hour,

These requirements satisfied the majority of the survey respon-
dents. At least five hundred data points are generally required
if curve-fitting is to be carried out statistically via computer
(2), although 1,000 would be preferable. Also, it has been our
experience that several hundred points are necessary to provide
a reliable histogram even at low resolution for some cell popula-

tions, such as peripheral lymphocytes.
Some typical data on the number of timings possible using a

cylindrical chamber microelectrophoresis apparatus are given in

Table 2.1.1.1 for formaldehyde (CH,0) fixed erythrocytes and

16
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human peripheral lymphocytes in 0.154 M NaCl buffered to pH 7.4
with NaHCO,.
It takes approximately 10 minutes for one sample to sediment out

of the field of view, On the average approximately 5-6 cells are
in focus at any one time at cell concentrations (6 x 106 to

2 x 107 cells/ml) for which the optical quality is high but at
which enough cells are present to allow a measuremert to be made,
If a velocity measurement were to be made every time a t.v, line
was scanned the measurement rate would be v 15 kHz. In 10 min =
600 s about 100 fields would have to be scanned to measure 500
mobilities, and if 1 s is allowed for transfer from field to

field via a stepping motor, then (9%%55 - 1) = 5 s would be the
measurement time per optical field. In this time 5 x 1.5 x 106 =
7.5 x 104 velocity estimates per cell would be made. Even if at
this time resolution electrophoretic migration proceeds with a
stochastic component the accuracy of the measurement would increase

1/2

as N for N estimates. Hence, the relative accuracy of the

-1/2 3 x 1073,

determination would be Nl/z/N - N-l/2 = (7.5 x 104)
From this calculation it would seem feasible to increase the sample
size to 1000 cells without much loss in accuracy, but much depends

on how long is required to change optical fields. The given

figures seem a good compromise, therefore.

18
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The presently used small volume chambers contain ~ 1 ml of sus-
pension, and the table shows that at least 6 x 105 cells would be
required to provide a sufficient cell density for measurement.

It is possible, however, to inject the cell suspension via catheter
tubing only in the region of the optical field and reduce the
number of cells required by two orders of magnitude. Hence, it
would appear feasible to achieve the sample size specification of
105 cells. Allowing 5 minutes for chamber rinsing and sample

replacement the indicated rate of 4 samples/hr should be achieved.

2.1.2 Cell Size Requirements

Excluding problems associated with cell sedimentation the AAEF
should be eapable of collecting mobility data on non-pigmented

cells in the size range of 0.5 to 100 microns in diameter.

This size range easily covers all conceivable mammalian cells
which might be of interest. Two respondents to the survey
specified the upper limit, but many cells of clinical interest

would fall in the range 2 to 25 microns diameter,

2.1.3 Mobility Accuracy and Range

Each individual mobility determination should be accurate to + 0.3%

over a mobility range of 0.2 = 1074 to 8.0 z 107 on? g~ vt
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The considerations discussed in Section 2,1.1 partially defined
the £ 0,3% accuracy specification as being the best that could be
expected for the number of cells specified. Since nothing is
known about cell subpopulation distributions at this level of
1asolution, probably the more accurate the better. (m the other
hand an accuracy less favorable than * 1% might be worse than some
preparative electrophoresis techniques and the AAEF accuracy

should be better than those to fulfill its purpose.
The mobility range specified covers all known native cell mobili-
ties at physiological pH and allows for mobility detarminations

after a variety of chemical or enzymatic treatments as well.

2.1.4 Specific Conductivity, Temperature and pH Range

The AAEF must be capable of operating with suspending media of
specifie conductivity < 0.021 ot cm'Z over a temperature range

of 4°C to 37°C and over a pH range of 2 to ll.

It is essential that the AAEF be able to operate with suspending
medis of physiological ionic strength (which determined the con-
ductivity upper 1limit) since only under such conditions would an
unknown cell population be reasonably sure to provide a mobility
distribution which reflects propertie of the native cell surface.

In lower ionic strength media leakage of cell contents followed

20
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by adsorption to the cell surface frequently occurs, leading to
spurious electrokinetic characteristics (3). It is essential to
have physiological ionic strength baseline data for cell popula-
tions whose surface charge properties haven't been completely

explored.
The operating temperature and pH ranges included all those re-
quested by respondents to the survey. They represent the usual

limits for such parameters when viable cells are employed.

2.1.5 Chamber and Electrode Material

The chamber and electrodes should be compatible with normmal bio-
logical support media (containing proteins, carbohydrates,multi-
valent ions, ete.) in their operating configuration. Measurement
conditions and chamber materials should be such that cells under-
going measurement retain the same viability and surface properties

as an appropriate control suspension not exposed to the insgtrument.

This requirement is self evident. Some cell types such as
platelets and macrophages adhere to glass, the usual material of
choice. However, this adherence need not interfere with the
mobility determination unless any cell products leaked by
adherent cells interfere with the cells being measured. This can

in principle be a problem with platelets, but macrophages have
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not been shown to be a problem in this sense.

2.1.6 Applied Field Specification

The applied elzctric field may be either LT, or AC to take advan-
tage of the suppression of electroosmotic flow in the electro-
phcresis chamber, provided the applied field frequenszy is less

than approximately 1.0 kHz.

It has been shown by Vorob'eva, Vlodavets and Dukhim (4) that the
electroosmotic flow profile in a chamber with rectangular cross-
section is significantly blunted if an alternating electric field
is applied. This blunting provides a core region in the center

of the chamber over which mobility determinations should be able
to be made independent of position, provided only that the magni-
tude of the core velocity be known. The blunting is independent
of the magnitude of the electroosmotic velocity at the chamber

wall, and hence 1is independent of the ch-mber wall surface charge

characteristics.

The interest in this phenomenon from the point of view of the

AAEF 18 clear if the discussion in Section 2.1.1 is considered.
In order to make accurate electrophoretic mobility measurements
at more than one radial location in the chamber the background

fluid flow should be constant throughout the region of interest.

22
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With a DC appli d field this can only occur if either no electro-
osmotic flow is present, implying & zero wall charge, or if plug
flow occurs induced by the presence of porous plugs bearing the
same capillary surface charge as the chamber walls (5). Both :
these procedures involve wall coating techniques which are not yet ;
well worked out ud which are likely to be time~dependent. Using

an AC field to flatten and reduce the core flow appears to be an

excellent solution to the problem provided sufficiently rapid

velocity measuring techniques are available. Techniques which

rely on displacement and time measurements to calculate mobilities

cannot easily utilize this innovation because of the small dis-

placement amplitudes involved at the frequencies required.

Although an analytical solution for a flat chamber exists in the
literature (4), no calculations have been made for AC electro-
osmosis in cylindrical chambers. We therefore undertook an
experimental and theoretical study of this problem, the results

of which are described below.

2,1.6.1 Theoretical Investigation of Relaxation Effects

We consider the flow in a long closed cylindrical chamber of
circular cross section, radius a, filled with a fluid of viscosity
n and density p. Next to the chamber *-~11 at the radial coordinate

r = a the fluid velocity due to electroosmosis is voeth due to
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the application of a sinusoidally varying electric field. We
agsume we are far enough from the ends of the chamber that the
flow is purely axial. The Reynolds Number is assumed such that
the creeping flow equations apply. Since the chamber is closed
a pressure gradient dP/dz exists in the axial direction (results
for an open chamber are found by setting dP/dz = 0). We seek an

expression for the time-dependent velocity profile v(r,t).

For axial flow, the Navier-Stokes equation in cylindrical coor-

dinates is:

v _ [Lav, %), d = 0
P ?t n[r or + 3rz] + dz

or, setting v = n/p

1 dp
and K= o dz

v _ yfL3vy v +K=0
ot r or oar

iwt iwt

Let v(r,t) = u(r)e » u(r) complex, and write K = K e™",
K, = complex constant. Using the fact that the flow at r =0
must be finite, and the bounding conditions:

1) u(a) = u, = ceal

a
2)~f"u(r)-2wr-dr = 0 in a closed system, it can be shown
(-

that the following solution for u(r) applies:
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where: berx, beix are zeroth order real and imaginary Kelvin

functions of x (6)
ber'x, bei'x are their first derivatives w.r.t.x.

a = ww?

w = radian frequency of applied field

p = berZaa + beiZaa

q = beraa*bei'oa -~ ber'aa‘*beiaa

Iy, = beraa‘ber'aa + beica‘bei'ua

r; = q- p/oa

. p; = ber2aa + beilaa

Some typical plots of the fluid velocity amplitude at a point r,

divided by its value at the wall, are given for a 2 mm diameter
A i
‘ [~ tube, both open and closed, in Figures 2.1.6.1.1 and 2,1.6,1.2

according to this expression. It is clear that in the cylindrical

25

v ——

A s 1



1.0L 1.0 Hz
&".\\ N
[} ol
N !
8 ‘0, a
\\ l’ ,‘7
‘. !,
\ ! |
Lul 6 \\\ l.,:;
u !
Uo \.\ / "i':
]
4 — \\ 1" I" ::
IOO HZ. _,_—’.‘".-,\’ ” ,’ :’!
----- ~~ /1
Q---0 .\ ‘e ,1’ 'r"l
- LY o
2 500 H NV g
4 _0- !
S S - - 2V
)
100.0 Hf | ! vy on J
0 2 4 l’/ b 8 1.0
a

Fiqgure 2.1.6.1. 1. Amplitude profile of flow
velocity in a closed cylindrical chamber in-
duced by electroosmosis in alternating elec-

tric fields of the frequencies indicated;
velocity amplitude expressed relative to ampli-

tude of wall velocity u,; chamber radius
0.1 cm,
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Figure 2.1.6.1.2. Amplitude profile of flow
velocity in an open cylindrical chamber induced
by electroosmosis in alternating electric fields
of the frequencies indicated; velocity amplitude
expressed relative to amplitude of wall velocity

Ug: chamber radius = 0.1 cm.
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geometry as well there is considerable blunting of the flow profile
accompanied by a decrease in amplitude as the frequence is increased.
The effect occurs at lower frequencies in the open than in the
closed chamber., Figure 2.1.6.1.3 shows that the region over which
position-independent flow occurs occupies greater than 90X of the
cross-sectional area in a closed chamber at frequencies above

100 Hz., It should therefore be possible to make cell electro-
phoretic mobility determinations over a considerable depth of the
chamber without variation in the electrcosmotic component of the
observed velocity, providing the cell mobility values themselves

are not affected by fields of the frequency employed.

An estimate of the upper frequency limit beyond which AC fields
should not be employed for accurate results may be obtained from
a consideration of the relaxation behavior of a particle under-
going electrophoresis. For small particles in low ionic strength
medium where the ionic double layer is expanded, the double layer
itself becomes significantly polarized in the applied electric
field. This polarization acts to retard the particle motion. The
relaxation behavior of the retardation effect has been studied in
some detail (7,8), and the relaxation frequency found to be very
low for particles of the size of cells (5-50 Hz). Fortunately,
however, the conditions under which electrophoretic retardation

has any effect on cell mobilities are such that no retardation
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Fiqure 2.1.6.1.3., Relative width of core region
over which flow velocity amplitude is independent
of position in a closed cylindrical chamber of
radius 0.1 cm.
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occurs under the usual biological operating conditions. Retarda-

tion effects are only felt if
ka > 300
where k is the inverse of the double layer thickness, given by:
k2 = 8mNpe?1/1000 ekT

where N, = Avogadro's number
e = electron charge
€ = medium dielectric constant
kT = Boltzmann's constant x absolute temperature

I = ionic strength = %.i Cizi

zj = valence of ionic species i

c{ = molar concentration of ionic species i

Even in a lower ionic strength medium of ¢ = 1073 M o long as
a > 2.5 microns no retardation will occur, and hence relaxation

of retardation will have no effect on cell mobility.

The other relaxation behavior which requires investigation 1s the
frequency dependence of the relaxation due to cell inertia, that
is, the time it takes for a cell to reach terminal velocity when
an electric field is applied. The relaxation time may be obtained
from a straight forward analysis of the second order differential

force balance equation using Henry's (9) expressions for the
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forces acting on a particle undergoing electrophoresis.

The differential equation is:

mi + 67nax - §E§§£ =0

which leads to:

v(t) = vo(1 - e t/Ty

where T = %~%§ P. 1s the characteristic relaxation time for
a spherical cell. Here:

E = magnitude of electric field applied as a step
function at time t = 0

{ = particle zeta potential

x = spatial coordinate; number of dots indicate first
or second derivative

v(t),v, = time-dependent and steady state velocity respectively

m = mass of cell <4 rad

3 "8 Pc

pe = cell density

The relaxation frequency v, = 1! for a cell of 5u radius is
therefore 1.5 x 10° Hz, and the cell velocity will be within 0.3%
of v, after a time 1' = 38 us, implying frequencies < 26 kHz
would be acceptable. A frequency of 1.0 kHz would therefore be
satisfactory for cells up to 50y diameter, 2lthough the largest

cells suggested by survey respondents (100y diameter) would be
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limited to measurement frequencies of % 250 Hz. Since these very
large cells probably could not be measured at one g, the 1 kHz

upper limit was considered reasonable as a frequency specification.

2.1.6.2 Experimental Investigation of AC Electroosmosis

The only techniques available to us to test the theory presented
in the previous section without major expenditure were displace-
ment amplitude measurements of test particles undergoing electro-
phoresis. We were therefore limited in frequency to v < 10 Hz
because in spite of maximizing the field strength,particle
mobility and optical magnification the displacements were too

small to measure visually at higher frequencies.

The test particles used were polyvinyl toluene (PVT) latex spheres
of 2.02u diameter suspended in 5 x 1074 M NaHCO4 plus 0.02% sodium
dodecyl sulphate (SDS). The SDS was added to produce a high
uniform surface charge by equilibrium adsorption that would be
time independent and that would maximize particle displacements
due to the sum of electioosmotic flow and electrophoretic motion.,
A high field chamber was constructed for the experiments with a
short 2 mm i,d, capillary section (3.5 cm compared to the usual

10 cm) to maximize the field strength obtainable for a given
applied voltage. The AC power supply was comprised of a modified

Exact Model 251 Function Generator and an Exact Model 170
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Amplifier which combination delivered a reasonably faithful sin
and square wave of 80 v pk-pk at up to 0.5a. Field strength of

1 Yere applied via platinized-Pt electrodes at frequen-

9.7 v em
cies between 0 and 10 Hz to suspensions of the PVT spheres in
NalCO3/SDS. Particle oscillations were recorded on a SONY AV

3600 video tape recorder hrough the microelectrophoresis
apparatus microscope at v~ X1000 optical magnification. Oscilla-
tion amplitudes were measured by a frame-by-frame analysis of the
recordings using a calibrated grid on the screen of a high
resolution Concord VM12 video monitor. Oscillations were recorded
throughout one half of the depth of the capillary chamber, the

position with respect to the wall being given by a dial gauge

indicator gauged to the focussing adjustment of the microscope.

The PVT/SDS system had a narrow, reproducible mobility distribu-
tion with mean mobility (DC) measured at the stationary level of
-7.64 * 0,34 pu 5=t vl cn. Extrapolation of the DC parabola of

apparent mobility as a function of distance from the wall gave

the ratio of wall velocity to particle velocity f = 1,06,
The theory of Section 2.1.6.1 was utilized to calculate the

theoretical particle displacement amplitude, D, by the following

expression:
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V.
D = -2 [£242 - 2fup + 1)1/2
(N]

where vp < particle velocity due to electrophoresis only
- uolvp
u, = electroosmotic flow velocity at chamber wall
2 o 2 2
A ug + uf

up,uy = real, imaginary parts of complex fluid velocity

amplitude u(r)

€
n

radian frequency .{ applied fiald

The results of both experiment and theury are presented in

Figure 2.1.6.2.1. The arbitrary displacement amplitude units

are in fact cm of displacement on the video monitor screen.

There was an absolute systematic 17% underestimate of the theoret-
ical prediction of the magnitude of the observed displacement
which was probably an optical calibration error. The experimental
values were therefore all corrected by this amount to allow a
better comparison of radial dependence results to be made. The
Figure shows that the theoretical pr.dictions were borne out by
the experimental results over the range tested. If the theory
were not applied and the displacements calculated assuming

u(r)/up was independent of frequency the theoretical results at

5 Hz and 10 Hz would have fallen uniformly 2 to 3 standard

deviations above the measured values near the center of the
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Figure 2.1.6.2.1. Comparison of theory with
experimental values of particle displacement
amplitudes as a function of radial position at
the frequencies indicated; closed cylindrical
chamber of radius 0.1 cm,
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chamber. The theory is therefore probably correct, although much

more work would have to be done to verify it exactly.

2.1.6.3 Implications for AAEF

The results described above strongly suggest that it would be
advantageous to operate the AAEF in an AC mode. AC operation
would allow cell velocity measurements to be made over most of the
volume of the chamber without having to reduce the wall charge to
zero. Such freedom is clearly required if a large number of
mobility determinations are to be made on each sample If an
open chaber were designed, the electroosmotic flow would be
essentially zero over the core region. If a closed chamber were
to be used at frequencies between 1.0 kHz and 0.1 kHz the magni~
tude of the core velocitv would be 2% to 5Z of the wall velocity.
Apparent mobility histograms would therefore exhibit an internally
consistent absolute error of this size. Absolute histograms could
easily be derived by either measuring the -ore velocity with
particles of known finite or zero mobility or by caiculation

applying the above theory.

2.1.7 Non-electrophoretic Characteristic Recoguition

The AAEF should incorporate the capability to recognize and record

other individual cell parameters besides electrophoretic mobility,
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as seem appropriate for the population under examination. In
particular, the ability to distinquish between cells with and

without a fluorescent label should be included in the AAEF.

Optical examination of individual cells in the AAEF opens up the
possibility of measurement of other parameters which may be
correlated with electrophoretic mobility. The sedimentation rate
of each cell could in principle be measured simultaneously with
its velocity measurement, providing information on the geometry
and density of the cell. It would also appear possible to incor-
porate the ability to detect the presence or absence of a fluores-
cent label on each cell. 1In this way very sensitive surface
property correlations could be made since highly specific anti-
bodies and iectins may easily be tagged with fluorescent labels.
This capability would tremendously strengthen the AAEF since it
would then include a sensitive and widely used recognition proce-

dure which would allow subpopulation identification.

2,1.8 Data Analysis Software

As well as providing hard copies of electrophoretic mobility
distributions, the AAEF should include the capability for detailed
statistical analysis of the mobility data. These programs should
provide:

o descriptive statistics for the data.
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® assessment of the wnimodality of the mobility distribu-
tion via the computation of distribution-frec statistics
for goodness of fit to known mobility distributions

cbtained from ealibration populations.

e special locally most powerful test statistics to deteot
very small subpopulations of known mean and standard
deviation, with errors of the first and second kind

controlled to within preset limits.

The requirement for statistical calculations and tests of the data
is clear. Particular attention should be paid to the identifica-
tion and characterization of subpopulations since these are the
objects of interest for preparative electrophoresis. The better
characterized they are the better may be chosen the conditions

for their separation. There exist in the literature special test
statistics designed to detect very small subpopulations of known
characteristics (10). These should be included in the AAEF

sof tware.

2.2 kv commended Automation Technique

As a result of reading and discussions with various concerned
individuals four possible techniques for automating analytical

electrophoresis were identified and considered. Each will be
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described below and its merits discussed.

2.2.1 Laser Doppler Spectroscopy

The Doppler shift in laser light scattered by cells undergoing
electrophoresis has recently been utilized independently by two
investigators to estimate mobility distributions. Dr. Ben Ware
of Harvard University and Dr., Ed Uzgiris of General Electric
Research and Development Center have both developed apparatuses
of comparable accuracy (3%-5%). The measurement technique con-
sists basically of optically beating the light scattered from
moving cells against an unshifted reference beam and detecting
the mixed beam with a photocell. The frequency differences due
to Doppler shifts in the beam scattered from cells undergoing
electrophoresis are proportional to the cell velocity. Providing
no electroosmotic or other flows are present in the system the
beat frequency spectrum is proportional to the mobility distribu~

tion of the cell sample.

The laser Doppler approach has the following advantages:

e The mobility distribution is obtained rapidly; an
acceptable spectrum from the cells present in the
scattering volume can be collected in less than one

minute,
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e Sample volumes are small, well under 1 ml, and less

than 10° cells could be used to provide a distribution.

e The technique is very versatile with respect to the
dimensions of the cells or particles being examined;
anything from the size of macromolecules on up may be

used as the sample.

e Most of the basic apparatus designs, with the exception
of a satisfactory chamber for physiological ionic

strength work, have been worked out.

e An apparatus could be assembled for relatively low
cost (< $20,000 excluding statistical analysis capa-

bility).

It is recommended that the AAEF not be developed around laser

Doppler spectroscopy, however, for the following reasons:

o The technique would not be very accurate, particularly
for cells suspended in media of physiological ionic
strength where mobilities are relatively low. Typical
Doppler frequency shifts recorded under these conditions
would be 20 +* 0.5 Hz where the uncertainty represents
the resolution of the spectrum analyzer used. Hence,

even assuming no other errors were present the accuracy
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and resolution would be limited to * 2-3%. Since it is
corceivable that preparative electrophoresis techniques
could surpass this resolution, a more precise technique

for the AAEF would be preferable.

It w.uld be difficult to apply the AC mode of electro-
phoresis in order to eliminate problems associated with
electroosmosis. If frequencies much higher than the
magnitude Doppler frequency shift are applied, the
frequency spectrum cannot be analyzed within the

period of one cycle of the applied electric field.
Switching transients then appear in the scattered

light spectrum at harmonics at the applied field
frequency. While in principle the required true
Doppler frequency spectrum can be extracted from the
spectrum this could be a difficult problem when a
complex mobility spectrum is superimposed on the
transients which would probably reduce the accuracy of
the derived mobility distribution somewhat. Alterna-
tive methods for eliminating electroosmosis such as
keeping the electrodes away from the chamber walls or
using chamber wall coatings are objectionable in that
sample contact with electrode products is to be avoided

and wall coatings are time dependent at best.
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There i8 no way to obtain non-electrophoretic informa-
tion on individual cells or cell populations undergoing

electrophoresis.

No one has yet worked successfully with the technique
in high ionic strength media; certainly the accuracy
and resolution of distributions of low mobility popula-
tions would be very puor due to the resolution limit of

the spectrum analyzer.

The mobility spectrum produced is not a true mobility
distribution. The output from the spectrum analyzer is
in fact a plot of scattered light intensity as a func-
tion of beat frequency. While the beat frequency is
directly proportional to cell velocity, the scattered
light intensity is not proportional only to the number
of cells in the scattering volume. The intensity of
light scattered at a given angle will depend on cell
size, shape, orientation and refractive index. Unless
all these properties are known as a function of mobility,
the true distribution of cell number vs mobility cannot
in principle be obtained. In an unknown cell population
these parameters could vary widely, producing apparent
peaks in the distribution that could lead to misinter-

pretation of the spectrum and identification of sub-
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populations that would not be separable by preparative

electrophoresis.

For these reasons, particularly for that regarding the fidelity
of the apparent mobility distribution produced, it would seem that
laser Doppler spectroscopy would not be as suitable a technique as

that recommended.

2,2,2 Pen Kem Automation Technique

Mr. Phil Goetz of the Pen Kem Corporation has invented a technique
for transducing the focussed microscopic image of a field of moving
particles into a signal of scattered light intensity as a function
of migration velocity. The image of the particle field and a grid
are focussed on a photocell. As the light beam scaitered from
each moving cell crosses the grid it generates a light intensity
pulse. The pulse frequency for each cell is porportional to the
velocity of the cell relative to the grid. Hence the frequency
distribution associated with the population can be analyzed with

a spectrum analyzer to produce an apparent mobility spectrum,

This technique has the advantages that:

e In principle it can be applied directly to micro-

electrophoresis as it 1s presently used.
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e It is compatible with the application of an AC field
of the frequencies required to obviate electrocsmosis

problems.

o It should be less sensitive to vibration than the

laser Doppler method.

The Pen Kem approach suffers, however, from the following limita-~

tions:

e At the time Pen Kem was contacted no system had been
developed that could be used for cells. A breadboard
model was being put together but was being tested only
on Ti0y particles which scatter much more light than
cells. It was not clear that a cell suspension would
give a usable signal, nor that a sufficient number of

cells could be analyzed.
e Development costs would probably be high.

e No individual cell information could be obtained by

this technique.

7 ? o Typical frequencies for cells in media of physiological
fonic strength would be < 50 Hz so the accuracy and
resolution of the technique would then be > * 1% due to

the resolution of the spectrum analyzer.
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e The output is a plot of scattered light intensity as a
function of particle velocity. As discussed in Section
2.2.1 this is not necessarily the true mobility distri-
bution and is therefore open to only restricted inter-

pretation and analysis.

Principally for the last reason the Pen Kem approach was not

recommended for the NASA AAEF.

2.2.3 Particle Field Holography

As one of the aims of developing the AAEF is to obtain information
on a large number of cells the fessibility of using time lapse
holography to store the positions of cells undergoing electro-
phoresis as a function of time was investigated. Subsequent
analysis of the holograms would allow the determination of a

large number of cell mobilities. Applying holography to the AAEF

would have the following advantsges:

e A large number of mobility determinations could be
obtained on the same sample. Using available standard

3 of sample volume could

technology holograms of ~ 1 mm
be obtained with sufficient frequency to provide > 104

mobility determinations on a sample.
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e Individual cell geometries would be available to

correlate with mobilities.

e Small sample sizes could be employed of ~ 105 cells.

However, the technique has several disadvantages:

¢ A method for automatically analyzing holograms for cell

geometry and position would have to be developed as
none currently exists. Such a developmenc would be

quite expensive and take probably three years.

The analysis would have to be done off-line which

could be a disadvantage for some applications.

Since the method employs displacement measurements
over known intervals to determine cell mnbilities the
AC mode for electroosmosis suppression could not be
used. The electroosmotic profile would have to be
known if a standard chamber geometry were used, or
another chamber with electrodes away from the walls

developed.

Individual mobility determinations might not t: very
accurate, depending on the amount of noise in the
hologram. Holography at present has lower resolution

than photography,
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For these reasons it seems clear that at the present time it would
pe unwarranted to attempt to apply particle field holographic

techniques to the automation of analytical electrophoresis.

2.2.4 Computer Analysis of Video Images of an Electro-

phoresis Field

This approach is discussed in detail in an unsolicated contract
proposal to MSFC dated April 22, 1975 and in subsequent documents.
Basically, a microelectrophoresis apparatus equipped with phase
contrast optics would be used with a television canera replacing
the eye of the operator. The video image would then be analyzed
line-by-line to measure the position of every cell on each sweep.
Measurements of cell position would therefore be made at the rate
of ~ 15 kHz, Phase contrast optics would ensure the sharp defini-
tion of cells in focus necessary for their identification. Auto-

mation using this approach would have the following advantages:

o Each mobility determination would be extremely accurate
because of the large number of estimates that could be
made on each cell in a few seconds; accuracy should be

very good over the whole mobility range of interest.

e Electrophoresis could be carried out in alternating
applied fields to suppress electroosmosis and provide

a large volume in which mobiiities would be independent
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of radial position in the electrophoresis chamber. A
large number of cells could therefore be measured with-
out having to wait for sedimentation to replenish the

optical field at the stationary level.

e Individual cell chairacteristics could be measured and
correlated with mobilities. Fluorescent cells could

also in principle be distinguished.

e The mobility data would be suitable for sophisticated
statistical analysis because of its absolute and

relative accuracy.

The principal disadvantages of using video image analysis for the

AAEF would be that:

e The system will largely have to be developed from

scratch and will be fairly expensive.

In spite of this difficulty, the advantages of this approach -
particularly the accuracy, single cell recognition capability and
the possibilities for statistical testing - make this the

technique of choice for development of the AAEF.
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PRIORITY RATING OF SPECIFICATIONS

The specifications were formed into three groups in diminishing

order of priority as follows:

Group 1

Determine individual mobilities of ~ 500 cells of
diameter 2 to 25 microne within 30 minutes from a

sample of 107 cells or less.

Determine individual mobilities to an accuracy of

t 1.0% over a mobility range of 0.5 = 107? to
3.0 x 1074 on? &7 vt

Operate at 25°C with suspending media of specific
eonductivity < 0.02 2=t en~t over a pH range of

6.6 to 7.6,
Use applied electric fields of frequency < 1000 BHs.

Chamber and eleetrodee must be compatible with normal
biological support media (containing proteins, oarbo-
hydrates, multivalent ions, ete.) in their operating
confiquration, Measurement conditions and chamber
materials shall be such that ocells undergoing measure-

ment retain the same viability and surface properties
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as an appropriate control suspension not expoeed to

the tinatrument.

e Provide hard copy of mobility dietribu.ion plus mean
and etandard deviation of total population.

These were considered the minimum requirements for the production
of a facility useful to the NASA electrophoresis program. They
would uvercome the problems of using the manual technique without

providing too severe an imposition on the developer. It would

accept cells in the normal size range .n a number commonly required

at present. A 30 minute measurement time is compatible with most
cell samples. Accuracy to * 1% would probably equal the best
preparative electrophoresis procedures currently conceived. It
would operate under physiological conditions in the AC mode and
would provide enough data for a reliable reproducible mobility

histogram.

Group II
e Determine individual mobilities of ~ 500 cells within
10 minutes at a rate of four total determminatione per

hour.

e Provide a statistical assessment of the unimodality of

the mobility distribution via the computation of
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distribution-free statistics for goodness of fit to
knoun mobility distributions obtained from calibration
ponulations. Provide special locally most powerful
test statistics to detect very small sub-populations of
knoun mean and standard deviation, with errors of the
first and secomd kind controlled to within preset

limits.

These additional requirements would allow a large number of

samples to be examined and analyzed statistically for the presence

of subpopulations that may not be obvious from the appearance of

the histogram. Completion to this level would allow the AAEF to

be applied to most samples of preparative interest.

Group IiT

Determine mobilities on a total sample size of 10°

cells.

Exeluding problems of sedimentation the apparatus
should be capable of collecting mobility data on cells

in the size range 0.5 to 100 microns in diameter.

Determine individual mobilities to an accuracy of
+ 0.3% over a mobility range of 0.5 x 107% to

8.0 x 10'4 om® s"Z »-L,
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e Operate over a temperature range of 4°C to 37°C and a

pH range of 2 to 11.

e Incorporate the capability of recogniaing and record-
ing other individual cell parameters besides electro-
phoretic mobility, as seems appropriate for the popu-
lation under examination. In particular, provide the
ability to distinguish between cells with and without

a fluorescent label.

Completion to the final level would provide the ultimate instru-
ment capable of examining the small sample sizes requested by
many respondents to the user community survey. It would provide
the most accurate data consistent with the number of measurements
required. It would provide additional diagnostic capabilities
that would describe the sample more thoroughly than simply by its
mobility distribution. It would therefore have a very powerful
capability for sample characterization that would have diagnostic
applications as well as applications in determining separability.
These diagnostic applications were identified by many of those
surveyed as prime possibilities for use of the AAEF in clinical

situations.
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Appendix 1

User Community Survey

This Appendix is comprised of:

e the names and addresses to whom the user

community survey was distributed,

e the letter and form which was mailed out,

e the responses received.

Statements of particular interest to the NASA electro-

phoresis program have been underlined.
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DEPARTMENT OF NEUROLOGY

©
$ Area Code 503 225-7711
N |

Portiand, Oregon 97201

UNIVERSITY OF ORECON
HEALTH SCIENCES CENTER

As you may know, the National Aeronautics and Space Administration
of the United States is currently involved in an extensive program
designed to develop facilities for preparative electrophoretic separa-
tions of biological materials under zero gravity conditions. By taking
advantage of the lack of cell sedimentation and thermal convection in
such an environment more effective separations can in principle be
achieved. As part of this program, NASA has found a need to obtain an
automated analytical electrophoresis facility (AAEF) that will allow
rapid, accurate determinations of electrophoretic mobility distribucions
on a variety of complex mixtures of cells. The AAEF will be used
primarily for ground-based examination of cell populations which are
considered candidates for zero gravity separations.

In order to make the development of a fully automatic analytical
electrophoresis apparatus maximally useful to scientists outside NASA,
I have been asked to survey the electrophoresis user community to
determine the performance levels to which such an instrument should
operate, In this way it is hoped that in subsequent availability the
instrument will fulfill the requirements of as many investigators as
possible. I would therefore greatly appreciate it if you would £111
out the attached form as fully as possible. Keep'in mind that the
AAEF, as presently envisaged, will be completely automatic and should
provide data on a large number of cells, s0 please indicate the
specifications you would like to see satisfied without direct regard
for the current state of the art.

To satisfy NASA's schedule, I will need the completed specification
forms returned by December 19, 1975. Please address them to:

Dr. D.E. Brooks

Department of Neurology
University of Oregon Health Sciences Center
Portland, Oregon 97201

60

Fobolazs ¥

o m—
. -

[ ]



£

r—y

May I thank you in anticipation of your assistance in compiling the
operating specifications for the AAEF. Your cooperation will help produce
an instrument which I am sure will prove to be a real advancement in

electrophoretic investigations.

Yours sincerely,

D.E. Brooks, Ph.D.

DEB:jc
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; pleass
include them in response to question 13,

1.

2.

3.

4,

5.

6.

7.

8.

9.

What is the smallest total sample size (number of cells) that you would wish
to examine?

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

What are the highest and lowest absolute mobility values you would wish to
measure?

What should the absolute accuracy of each mobility determination be?

What is the minimum mobility difference the AAEF should be able to resolve?

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question Z be carried out? 1Is speed of measurement
important to you?

Over what temperature range should the AAEP be capable of operating?
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10.

11.

12.

13.

A e

Over what range of pH and ionic strength would you like to operate?

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (¢ 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (t 0.1%Z)?

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

Nane and address
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

PEUE——
&

Please provide the values for the parameters given below which would best suit

your applications.

include them in response to question 13,

1.

2.

3.

6.

7.

8.

What is the smallest total sample size (number of cells) that you would wish

to examine?

107 /0 s

Any comments os additional requiremente are welcomed; please

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretical’y characterize the most complex

population with which you would like to deal?

56t -

/ MI

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

0.5 1

2S5 ¢

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

Prim rily necurate Y istoornns, sccond: comparison between histogprsms of
> )

difcrent comples - conputer sworage of nll dstu »nd annlysis of devionce,

with poyieular emphisis to difierences iu moLilitly of smnll proportion of cells

What are!the highest and lowest absolute mobility values you would wish to

measure?

9 3 7.

’5 H C”:

What shculd the absolute accuracy of each mobility determination be?

/<

What is the minimum wmobility difference the AAEF sghould be atle to resgolve?

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out?

important to you?

Speed ol moasurement is not

o2 M

4

Is speed of measurement

very eritieal « 10«15 minutes is sufficiently fosti,

“Moin Llimitation ir notl sueed of onolysis, bubl numoer of specimens aveilable.

Over what temperature rarg3e should the AAEF be capable of operating?

ORIGINAY, PAGE IS
OF POOR QUALITY
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10.

11.

12.

13.

Over what range of pH and ionic strength would you like to operate?

f” 314:? (¢/$~/—'

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

/LO

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 5X) mobility spectra or one that was slower (15 minutes per

determination) but more accurate (+ 0.1%)?
Az specified above speed is of no particular conscquence- no one can prepsre that

rnony iifferent cell specimens as the apparctus will be able to process even at

15 min'sample. Accuracy, cn the other hand, is of pesrsmount importance,

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

The development o ' AAEF is highly desiresble, provided it can give reslly

accurate data in terms of actual mobility distribution of individusl cells,
counted one by one. Aversge mobility data, or idata giving only indirect
informition on mobility as a function of scattering, or other cell functions
(evecopt mobility) are ot nore limited usefulness. I must reemphasize that

speed of ench me:zsurement is much less important than accurascy of dsts.
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1.

2.

5.

6.

What is the smallest total sample size (number of cells) that you would wish

to examine? .
w?uu-/um, /3 -

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoreticalily characterize the most complex
population with which you would 1like to deal?

Su?am{uw 3 ~ 100

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

.52 — 3.5A

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

100 tm [ha ]y} w%mu_m#&

What are the highest and lowest absnlute mobility values you would wish to

measure?
a490 CQML[‘U~L[gﬁo“:

What should the absolute accuracy of each mobility determination be?

ot Gmpodaut Yot

What is the minimum mobility difference the AAEF should be able to resolve?

100 ewe | hfvold wraulol be WMWM

How rapidly, and at what intervals, should the elecirophoretic characteriza-
tion described in question 2 be carrfzd out? 1Is speed of measurement

important to you?

0l dleetiophousio Skouldol be oloct willuue 5hisof pladilet collechon

Over what temperature range should the AAEF be capable of operating?

O-40° C.
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10. Over what range of pH and ionic strength would you like to operate?

P WS ‘g , 10wt s‘\fﬁuﬂrﬂ

11. Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresisg?

_platetits Shautsl ust be vipossl. do Ylase

12. Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (: 5X) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (* 0.1%)? i

bue thal wag slower + more oetemade

13. Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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wor. fue sloeliophordie aw.alyw of o feur @0 100 plalelits +f
Lok el Iamuwtwwapmw?ow.p[ma/
WW%WW WWW
IMW&% WMMMWW
olsuddl bt WohuHtde foc @ varely of acstsuch pusit o

R e R T S W P

Loga J.Coy
Dept o/lBumuutad.

6 7 l/a?mw
C’&Mo;tu% Vo
2#901

[ A



JADAVPUR UNIVERSITY

CALCUTTA-700032INDIA
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FACULTY OF ENGINEERING & TECHNOLOGY
DaparTaant oF FoOD TecsNoLuaY & BI0-CHEMICAL ENGDNEERING

Dateds December 12, 1975.

Froms
Dr. D. K. Chﬂttbrlj, D.SC.’ PhODOQ
Reader,

Tos
Dl'. D. E. mok"
Department of Neurology,
University Oregon,
Health Sclences Centre,
Portland,
Oregon 97201.

Dear Dr. Brooks,

Tharks for your letter of November 24, addressed te
Dr. S. N. Upadhyay in which you have shown interest in our
works and experience in Cell Electrophoresis, Since Dr.Upadhyay
left Calcutta after finlshing his Ph.D. in 1971, I am writing
the reply for your enquiry in the attached sheets,

I shall be glad to receive the results of your research
on the microelectrophoretic study in space which will be a v-ry
interesting proposal, 1 believe,

With regards,

Sincerely yours,
SAC CAABIAC o7 DR .
(D. K. Chattoraj)

ORIGINAL PAg
OF POOR QUAL?TIg
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1.

2.

3.

4.

6.

9.

What is the smallest total sample size (number of cells) that youn would wish

to examine?
50

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

20 o:

-y

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populatiogs?

What are the highest and lowest absolute mobility values you would wish to
measure?

._2L‘1,‘éL_ﬁ;_____SQLLJEéJé!29/bhﬂﬁyzun.;

what should the absolute accuracy of each mobility determination be?
Il.ﬂ‘ "’/‘—

What is the minimum mobility difference the AAEF should be able to resolve?

Q' z E zote{ V.&/ .

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? Is speed of measurement
important to you?

O Sec ;' ok e |Onec. L\n.“(f\uq).;‘ Yen

Over what tempe.ature range should the AAEF be capable of operating?

5 o So°c .
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10. Over what range of pH and ionic strength would you like to operate?
2 b \\

11. Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

Flthcli. " hEaY =
20€e o b uced,,

12. Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

Secend ova wory ek prefenied

13. Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional commeats?
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed ; please

include them in response to question I3.

I - What is the smallest total sample size (number of cells) that you would
wish to examine ?

We would be satisfied if 106 cells could provide 100 determinations,

2 - How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal ?

500 determinations.

3 - What are the diameters of the largest and smallest particles you would like
to examine electrophoretically ?

5 and ZO,Pm

4 - What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations ?

A mobility distribution in the form of an histogram as a function
of cell frequency for each mobility class.

5 - What are the highest and lowest absolute mobility values you would wish
to measure ?

In NaCl 0.145 M 0.50-1.50 pm/v +/sec™ /cm |
6 - What should the absolute accuracy of each mobility determination be ?
2 percent
7 - What is the minimum mobility difference the AAEF should be able to resolve ?

0.025 pndv:I/sec_I/cm-I

8 - How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out ? Is speed of measurement
important to you ?

The speed is not very important ; if possible 30 minutes with a
a small interval.
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9 - Over what temperature range should the AAEF be capable of operating ?

10

I1

12

13

2) - 37°C
Over what range of pH and ionic strength would you like to operate ?
pH 7.2 - 7.5 in NaCl O0.I45 M

Are there any unusual limitations on the types of materials to which
your samples can be exposed during electrophoresis ?

non-toxic material for cell use

Would you ratker have an apparatus that produced rapid (I per minute) but
approximate (- 5%) mobility spectra or one that was slower (I5 minutes
per determination) but more accurate (- 0.1%)?

We would prefer a slower but more accurate apparatus,

Do you have any other requirements that should be considered in providing
specifications of the AAEF ? Do you think the development of such an
instrument is worthwhile ? Do you have any additional comments ?

We are very interested by such an apparatus. We have been working
on Iymphogyte electrophoresis_for three years now, and have several
papers to be published in Biomedicine, J., Immunol. Methods and
Europ. J. of Cancer.

This form was given to us by Dr SAUVEZIE, which is a member of

our laboratory. Unfortunately, he has been for some time in
England, so your letter will have a rather slow reply.

Could you write us for any development of this question ?

Dr CHOLLET
Centre Jean PERRIN
OW place Henri Dunant
i — B.P. 392
630I1 CLERMONT FERRAND CEDEX
FRANCE.
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
"T.ECTROPHORESIS FACILITY

Please provide the values for the parameters given below wlhich would best suit
your applications. Any comments or additional requirements are welcomed; please

Bemssand

i
include them in response to question 13. %
-
1. What is the smallest total sample size (number of cells) that you would wish i
[ to examine? l ~ \0.4

- 2. How many individual cell mobility determinations would be required in any
¥ {f one suspending medium to electrophoretically characterize the most complex
. population with which you would like to deal?

{ Qu,{fﬁ Fotat Myﬂ_é[.-qﬁ,p)

3. What are the diameters of the largest and smallest particles you would like
{? to examine electrophoretically?

5D b S 5 o S S i

é ~ Z&: fmatarnmy
/

4, What statistical parameters should be prcvided by the AAEF to adequately
describe the mobility distribution of your cell populations?

& r\juu- + Alo~do~d _eweov ,tvita‘ILAg o] _crtd ‘/’~&1Fru GLI’JVJ

5. What are the highest and lowest absolute mobility values you would wish to

g

IR

TN 3

TR

; - measure?

Py

'§ i /uL v/bhu

f (’ 6. What should the absolute accuracy of each mobility determinsztion be?

;

E +2%.

§ 7. What is the minimum mobility difference the AAEF should be able to resolve?

¥

¢ 6
-
’ 8. How rapidly, and at what intervals, should the electrophoretic characteriza- ;

tion described in question 2 be carried out? 1s speed of measurement i

r= important to you? :
’2 9, Over what temperature range should the AAEF be capable of operating? ;

£ LJ o 3

'E i !'i _’ﬁla' C' g
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10.

11.

12,

13‘

Over what range of pH and ionic strength would you like to operate?

P 0 2 e o gl

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

E1>*‘ ‘i;%l*huﬂaé ’+1VruL »—~*L\*4J- orounrSy

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (z 0.1%)?

K.M"b A TNee)

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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INSTLHIHUTULL ONCOLOGIC
B-dut | Mai nro 11 P.B, 5016
BUCURESTI 12

10. XII. 1975

| 132270 Ceatrata

Teleon -\ 16.48.28 Directiunea

Dr. D.E.Brooks

Department of Neurnlogy

University of Oregon Herlth Sciences Center
Portlrnd, Oregon 97201, SUA

Deer ur. Brooks,

Thonk you for your letter concerning AAEF, whick 1 received
in 8 Lecember; ] incluue the completed specificstion forms end ]
hope they will reach you till 19 December,

My best wishes for the renlisation of very good AAEF

Yours sincerel
cl,omﬂu Crwato

Dr. Gebriela Dinescu-Romalo

ORIGINAL PAGE IS
OF POOR QUALITY
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13,

1.

3.

5.

6.

8.

9.

What is the smallest total sample size (number of cells) that you would wish
to examine?

Mitochondria: 1 mg/ml; ’Jells: 30/ml

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

20 timings in both directions for one ssmple.

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

PSS

Jells: ?Ofy; Nucleus: 4-6m ; Mitochoadria: O.S-?ﬂ'; Lysosomes:O.ZB-O.?; E

What statistical parameters should be provided by the AAEF to adequately
describe the mcdbility distribution of your cell populations?

U=mobility; =eversge net surface charge density; N=nr. elementary

cshr rpes per square M,
/

What are the highest and lowest absolute mobility values you would wish to
measure?

What should the absolute accuracy of each mobility determination be?

- “|§ - I%

What is the minimum mobility difference the AAEF snould be able to resolve?

Hoew rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

fes, for cells which seuiment quickly in usurl conditions

Over what temperature range should the AAEF be capable of operating?
4% - 25% - 37%
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10.

11.

12.

13.

Over what range of pH and ionic strength would you like to opecre.e?

R R VS S

pli: 6 - £.5; loniec strength: 0.C5_=_0.005

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 5Z) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

[iesngnse Lo auestion 13.

Do you have any other requirements that should be conaidered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

r) .esponse L0 12: 1f se.imentsticn does not interfere (zero gravity

conlitions) the more nmc:urete npperatus is prefered; otherwise, for
cells which sedinent very quicsaly (f.3i. tumor ascites cells) a rapid
determination is to be chosen to ensure cell stability st the sta-
tionury level.

b). AAEF mey help in eerly dJetection of membrane systems alterat.ions

which can possibly act As important pathogenetic factors.

c). Jould it he possible to visumlize the electrophoretic behaviour
of subceliulsr nnrticles (nucleus, mitochondris, lysosomes) within
the cell? '

10. X1I. 1975

P®
gbﬁta_ Dr. Gabriela Dinescu - Romalo
Q Name and address
ngSiﬁ& INSTITUTUL ONCOLOG1C? Dept. Immuno-
dsﬂ logy end Biochemistry of Clancer,

B-dul 1 Mei Nr. 11, POB 5916,

- Bucuregti~12, ROMANIA ;



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters ziv.en below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13,

1,

2,

3.

6.

8.

9.

What is the s:allest total sample size (number of cells) that you would wish
to examine? 2
/v

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the rost complex
population with which you would like to deal?

HZ —18

What are the diameters of the largest ard smallest particles you would like
to examine electrophoretically?
(G — S

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

)
/’7% élw D THANIED Dczu_’__zf’;?m/
Yl e e O Tes -Mide gewrd TCNY v MEDe 6/”'7'.{

What are the highest and lowest absolute mobility values you would wish to
measure?

* -'
3o - O3 ¢'. (2T

What should the absolute accuracy of each mobility determination be?
Py
2/
What is the minimum mobility difference the AAEF should be able to resolve?

2%

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1I1s s} :ed of measurement

important to you?
D5 Congtry AL70500us, )er ((ge &ut)

Over what temperature range should the AAEF be capable of operating?

20-37%
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10. Over what range of pt and ionic strength would you like to operate?
”70 ® - 028 — O-40

11. Are there any unusual limitations on the types of materials to which your
samples can be exposed durirg electrophoresis?

Dereten T3 CLec Roe BY-FRoducrS . Bbere hibe: m..

Ay AT ‘ McSr FL*.’.' v a 149

12. Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (:* 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

Ef 52152 444‘ 45#0&90::];

13. Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

p—
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t.N.S.E.R M)
®

Piateau de Brabois
54500 VANDCEUVRE LES NANCY
(FRANCE)

TEL. 53.52.91
L ]

Dear Doctor Brooks,

U ——
P
R
b

i

i ,
o ——an
t

Vandeeuvre, ¢ December 10, 1975

Doctor D.E., BROOKS
Department of Neurology
University of Oregon Hec!th

Science Center
PORTLAND, OREGON 97201

U.S.A,

Your name was given to me by my colleague F. DUMONT in

connection with your inquiry about the performances of a fully automatic

analytical cell electrophoresis apparatus. From my point of view, the

display of an automatic a

aratus is of crucial importance. | think a lot
]

of hospitals will be interested in this fechr.igue if NASA brinas out an

automatic equipment. Furthermore, it will be useful for workers who

R
t ! oaI- E Il i (-L . |. I I . l I I.

Using this technique for two years, | take the liberty of answering

your questionaire,

80

Yours faithfully

Mrs Mireille DONNER
Chargée de Recherche I .N.S.E.R.M.
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13,

1. What is the smallest total sample size (number of cells) that you would wish
to examine? 50 cells

2. How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

500 cells

3. What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

4 microns - 20 microns

4., What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

Deviation standard or standard error

5. What are the highest and lowest absolute mobility values you would wish to

measure?
They ara dependent on the ionic strength of suspending medium. With a O .145

jonic strength medium, these values are about.0.30 - -2.0 micron/sec/V, cm

6. What should the absolute accuracy of each mobility determination be?
2%

7. what is the minimum mobility difference the AAEF should be able to resolve?
0.02 micron/sec / V.cm

8. How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement

important to you? .
50 cells should be scored v:Ean% minutes

9. Over what temperature renge should the AAEF be capable of operating?
4°C - 25°C

81
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10.

11.

12.

13,
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Over what range of pH and ionic strength would you like to operate?
pH - 6 - 8

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

Plastic materials should be prohibited

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 52) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

The apparatus should allow these both possibilities.

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional commerts?

a) It is difficult to indicate the range of ionic strength of media. It is dependent
on the voltage used in the apparatus, If Nasa develops an apparatus which
measures speed of cells by laser Doppler spectroscopy, it is likely that media
with a weak ionic strength ( = 0,005) will have to be used. Otherwise, it

would be better to use physiological ionic strength (= 0,15).

b) It would be very interesting to have mobility spectra on an oscilloscope or
an external recorder. For other applications, the display of the electrophoretic

mobility for each cell would be necessary.

Mme Mireille DONNER
U 95 - INSERM -

Plateau de Brabois

Name and address

54500 - Vandoeuvre les Nancy ( France)
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1.

2,

3.

5.

6.

What is the smallest total sample size (number of cells) that you would wish
to examine? 4
10" cells

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

300

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

5 - 15n

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

Histogram showing numbers of cells grouped together in 0.1 p sec“1 V.1 cm

differences.

What are the highest and lowest absolute mobility values you would wish to
measure?

0.50 - 2.00 u sec”t v}

at ionic strength n = 0.15,

What should the absolute accuracy of each mobility determination be?

+ 0.01 p set:.1 V-l cm

What is the minimum mobility difference the AAEF should be able to resolve?

-1
_t 00lpsec "V cm

How rapidly, and at what intervals, should ti.e electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

Manually, =~ 2 hours per 300 readings. Only so as not to result in deterioration

of the sample,
Over what temperature range 3hould the AAEF be capable of operating?

20° - 40°C
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10.

11.

12.

13.

Over what range of pH and lonic strength would you like to operate?

pH 6.0 - pH 8.0; u = 0.15 - 0,01

Are there any unusual limitations on the types of materials to which your

sauples can be exposed during electrophoresis?

_The requirements of aseptic, non-pyrogenic cell cultu.e handling techniques.

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (+ 5%) mobility spectra or one that was slower (15 minutes per

determination) but more accurate (+ 0.1%)?

The slower but more accurate apparatus would be preferable.

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

With mixed populations of cells, such readings by traditional apparatus

can be tedious; an AAEF would help.
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Dr. Richard M, Fike o

Dr. Carel J. van Oss Al .

Department of Microbiology

School of Medicine

State University of New York
at Buffalo

Buffalo, N.Y. 14214

Name and address
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DEPARTMENTY OF BIOCHEMISTRY
ALL INDIA INSTITUTE OF MEDICAL SCIENCES Caver:
NEW DELMI-18 wpia

o T B iy o - a -,

Dr., D.E. Rrooks, 15th January, 1976.

Nepartment of Neuroloay,
University of Oregon Health Science Center,

Portland, Oregon 97201,
Uu.s.a,

Dear Dr. Brooks,
Enclosed, please findThe specification form for

the Automatic Analytical Electrophoresis duly filled by S.N.S.
Hanjan, Unfortunately due to his preocaupation he could not
complete tt - form earlier, but he hopes that this information
will help you acquaint with the needs of our departmsnt., Please
let us know if you need any other information.

With best wishes,

Yours sincerely,
s POl

(ipdira Nath, .MD)
Asst, Professor,
Dept., of Biochenm,
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any couments or additional requirements are welcomed; please

1,

3.

include them in response to question 13.

What is the smallest total sample size (number of cells) that you would wish
to examine?
100,000

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

200

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

2 — 100 pL

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

L now we Lave beon ¢:wgoa~wq’, Ko nobi Ltae of o atnqgipﬁh

Witk ‘epronee % dawan. R.B.c (1072 -o(,u/:u/(//w) Hire 5 not

kA oleeig rad.
epiln ek, Agws  ohmnclans V7S oY atyefr 5 liiias - be S0y

a are the highest and lowest absolute mobility values you would wish to

measure?
0258~ 20ufte|V]an
¥
What should the absolute accuracy of each mobility determination be?
pasnals bk -a/,«./.ue/l//tw.f
+ YA
What is the minimum mobility difference the AAEF should be able to resolve?
01 /u] See|V]ew~

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

S 1D il Sfad:}/ rmetacmarent 2 WaMoM.

Over what temperature range should the AAEF be capable of operating?

O% - 37°c.
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10. Over what range of pH and ionic strength would you like to operate?

B 55— 45 dn eokorus dade

11, Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

/.&'muwa, Lot o /a,‘!naM 4&&;&65‘#
slarmbd ot be Illltvvdb7 % Auhiﬂav‘91ﬂkdr%£’ ¢
O Tlan R -‘W/l.”z_'w-
12. Would you rather have an apparatus that produced rapid (1 per minute) but

approximate (* 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)7?

[
An  andir mediats % in [0 man &»wz—l/-
13. Do you have any other requirements that should be considered in providing

specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY '

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requisements are welcomed; please
include them in response to question 13,

1. What is the smallest total sample size (number of cells) that you would wish

to examine? ‘,

2. How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex

population with which you would like to deal?
ok ‘:w.ﬁ__m“

3. What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

0-5 ‘ 3-°AQ|

4., What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

° denolis, MM‘ '

5. What are the highest and lowest absolute mobility values you would wish to
measure?

“20k 30 xroms v

6. What should the absolute accuracy of each mobility determination be?
2 A !
Z2o.0dxte ns ¥

7. What is the minimum mobility difference the AAEF should be able to resolve?
- L PV
o -~ ’

209340 m s ¥

8. How rapidly, and at what intervals, should the electrophoretic characteriza- ‘
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

@) o0 o o D vsiss . () iR ile JSonar @) Nob rally smprber
9. Over what temperature range should the AAEF be capable of operating? -

§ -4
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10.

11.

12,

ﬁ.wu«m tlove o
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Over what range of pH and ionic strength would you like to operate?

kﬁ Bew ,Ts igc-'"— 8.8 nld—"’

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

No ccxlnste e wic & plyvalbak CMBVYET (8 Gise) frease
Sy hole

Would you rather have an apparatus that produced rapid (1 per minute) but
approx‘mate (* 5%) mokhility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

Slowes et 6l “SrulliS firofsred

Do you have any other requirements that should be congidered in providing
specificaticns for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your appliications. Any comments or adaitional requirements; are welcomed; please
include them in response to question 13,

1.

3.

4,

3.

6.

7.

What is the smallest total sample size (number of cells) that you would wish
to examine? . .

How many individual cell mobility determinations would be rejuired in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

Sy 10

T

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?
P y 250 A
-

M,éé",u. ocalre. .

What statistical parameters should be provided by the AAEF to sdequately
describe the mobility distribution of your cell populations?

What are the highest and lowest absvlute mobility values you would wish to
measure?

—5>0 & »7
Wrat should the absolute accuracy of each mobility determination be?
2% -

What is the minimum mobility difference the AAEF should be able to resolve?

o-Uf.

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement

important to you?
No

Over what temperature range should the AAEF be capable of oper::ing?

=0"C & @SD’C
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10.

11,

12,

13,
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Over what range of pH and ionic strength would you like to operate? 5 /
pH_DM , poogip bero M

Are there any unusual limitations on the types of materiais to which your
samples can be exposed during electrophoresis?

oo LIt T b pet drgo oc SreBgerco 2R

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (t 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (t 0.1%)?

P<<—££L£bvﬁ ‘;jf 2 9

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTB"PHORESIS FACILITY

-tegse provide the values for the parameters given below which would best suit
yout applications. Any comments or additional requirements are welcomed; please
g, .ude them in response to question 13,

).“ What is ' ~e smalle.i total sample size (number of cells) that you would wish
to examine?
Iee oV
2. How many individual cell mobility determinations would be required in any

one suspending medium to electruphoretically characterize the most complex
poptiition with which you would like to deal?

3. What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

4. Vhat statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

5. What are the highest and lowest absolute mobility values you would wish to
measure?

6. What should the absolute accuracy of each mobility determination be?

7. What is the minimum mobility difference the AAEF should be able to resolve?

8. How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

9, Over what temperature range should the AAEF be capable of operating?

| Y




10. Over waat range of pH and ionic strength would you like to operate?

11. Are there any unusual limitations on the types of materials to vb:lcﬁ your
samples can be exposed during electrophoresis?

12. Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (: 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

13. Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

P T f‘/(‘) ho—-»l /{J‘v LN e e dtfanls T (/;‘L /f{e".q.c?, .
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Pharmaceutical Sciences hboutbrioa
DEPARTMENT OF PHARMACY

Our Ref:TMN/AR
NINEWELLS HOSPITAL
DUNDEE DD2 1118
Tel. 0382 60111
AIRMATL
8 December 1975
Dr D E Brooks

Department of Neurology
University of Oregon Health
Sciences Center

Dear Dr Brooks

Thank you for your letter of 24 November to our research
student Mr Donald.

We have discussed your questionnaire with Dr Hutchinson
and have pleasure in enclosing our replies.

Yours sincerely

o W H\
/

Dr T M MacLeod

M O3 U0 73
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1. What is the smallest total sample size (number of cells) that you would wish
to examine? 5

2. How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

100

3. What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

‘3‘}1-20}

¥

4. What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

Modality i.e, Histogram,

Mean : SD of each mode.

S. What are the highest and lowest absolute mg?ility values you would wish to
measure? 0.6 x 1004 om® v! sec” (5.6 secs)

2.4 x 1074 m® vl sect (1.4 secs)

6. What should the absolute accuracy of each mobility determiﬁftion be?

Mean £ 0.05 x 1004 cn® v sec
i.eo =

7. What is the minimum mobility difference the AAEF should be able to resolve?

0.01 x 1074 c? v-l et

8. How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1s speed of measurement

important to you?
< 30 min, Preferablg 15 min,  Yes.

9. Over what temperature range should the AAEF be capable of operating?
18% - 25%

96
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10.

11.

12.

13.

Over what range of pi and ionic strength would you like to operate?
PE_ 7.0 - T.4. Physiological.

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

No

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (+ 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

—Slower and more accurate,

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

Possibility of video recording,

Histogram display.

Use of the instrument as a means of separating
cell populations,

)L‘\-i‘ﬂ‘

Dr T M MacLeod
Pharmaceutical Sciences Laboratories
Ninewells Hospital

DUNDEE, Scotland,

8 December 1975.

Name and address
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DEPARTMENT OF PATHOLOGY

The Memorial Hospital

Pawtucket, Rhode island 02860 + 401-722-6000

R.G. Mason, M.D., Ph.D. J.W. Jhung, M.D.
T.S. Micolonghi, M.D. F.P. Roland, M.D.

December 3, 1975

D.E. Brooks, Ph.D.
Depantment of Newrofogy
Univernsity of Oregon
Health Sciences Center
Pontland, Onegon 97201

Dean Dn. Brooks:

Although 1 am a memben of the USRA committee, I do not anticipate
conducting electrophonetic experiments 4in space. Nevertheless, if 1
wene to generate nesearch projects in the future that might be cavried
out in space, I imagine they would involve electrophoresis of endo-
thelial cells on blood platelets. For my own needs, I would imagine an
electrophonesis apparatus that would measure electrophoretic mobility
0§ erythrocytes and kidney cells would ¢ ( be adequate for my
needs. 1T gind it difgicult to answer most of the other questions that
you have posed, since T do not have specific experiments in mind. The
sLowen but mone accurate apparatus would appear desinable Lo me, 1t
would Likely be desinable to be able to measure pH over a range of
6 Lo 11.

1 am agraid that 1 am not going to be of much help Lo you 4in your
wonk, but this 48 the best I can do.

Could you on Geoff send me a brochure on the Rank brothers efectro-
phoretic apparatus with Laser Light sowrce? Our research group will
Likely wish to purchase one of thede in the nean futwe. T understand
that they are avaifable only §nom Rank and must be ordered g§rom them
An England. 18 this comrect?

Sincerely yours,
o flas-

Reginald G. Mason, M.D., Ph.D,
Pathologist-in-Chief

RGM/emg
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ACADEMISCH ZIEKENHUIS GRONINGEN

NEUROLOGISCHE KLINIEK
Toestel 2410

Prof. Dr. ). M. Minderhoud
toestel 2430

Prof. Dr. ). Droogleever Fortuyn

toustel 2400

Dr. ). P. W. F. Lakke
toestel 2433

Drs. A  E. ). de Jager
toestel 2410 cn 2176

POLIKLINIEK volwassenen
Drs. H. Leenstra-Borsje
toestel 2447 en 2449

Nieuwe patiénten
volgens afspraak
toestel 2447

Contrdle patiénten
volgens afspraak
toestel 2446

KINDERNEUROLOGIE
Drs. R. le Coultre

toestel 2172

Drs. ). H. Begeer
toestel 2172

Polikliniek volgens afspraak
toestel 2445

E.E.G./JEMG.
Dr. S. Boonstra
toestel 2425 en 2428

Drs. T. W. van Weerden
toestel 2599

NEURO - RADIOLOGIE

Drs. ). M. Rodermond
toestel 2631 en 2578

NEURO - PSYCHOLOGIE

Dr. B. G. Deeiman
toestel 2408

NEURO - BIOCHEMIE

Dr. A. W. Teelken
toestel 2647

TELEFOON 050-139123

GRONINGEN,
st s December 15, 1975.

Dr. D.E. Brooks
Department of Neurology
University of Oregon Health Sciences
Center

L Portland, Oregon 9720°
U.S.A.

.

Dear Dr. Brooks,

In answer to your letter of November 24, 1975, about

the electrophoretic separation of biological materials:
We worked with the Zeiss cytopherometer for some time

in Newcastle, but now, about three years afterwards,

we stopped this research because this method proved

to be too difficult and too complex for the immunological
research. So I am sorry to say that I can not give you

answers to your question.

Yours sincerely,

ProflDr. J.M. Minderhoud.
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The Univarsity of Nottingham

Department of Medicine
General Hospital
Nottingham
NGI 6HA

From PROFESSOR ), R. A. MITCHELL

Telephone 46161 (STD 0602)

Extension 544

JRAM/MHJ 1st December, 1975.

Dear Doctor Brooks,

Thank you for your letter about the possibility of developing a machine
to provide accurate automated electrophoretic mobility measurements. My
grouE would indeed be vegﬁ interested in these developments and my co-worker
in this field, Doctor J. R. Hampton, has completed your questionnaire. He
will reply for both of us but I felt that you would wish to know that we are
very interested in the outcome of your programme,

Yours sincerely,

Pp7

J. R. A. Mitchell,
Professor of Medicine,

Dr. D. E. Brooks,

Department of Neurology,

University of Oregon Health Sciences Centre,
Portland,

Oregon 97201,

USA.
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1. What is the smallest.total sample size (number of cells) that you would wish R
to exanine! W i Lls ~ Wkt g Prpins b
u@d‘-ﬂtd M ’_OC‘C‘(‘ il"' Caey Wetia '
2. How many individual cell mobility determinations would be required in any

one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

(o0

3. What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?
[~ 1ot
K4

4, What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

«-L/g,(/\\_ . & g‘i\

S. What are the highest and lowest absolute mobility values you would wish to
measure? +
. “
'/“'/CLCIU/CL“ - Qe (L
6., What should the absolute accuracy of each mobility determination be?
7. What is the minimum mobility difference the AAEF should be able to resolve?

3%

8. How rapidly, and at what intervals, should the electrophoretic characteriza-
tion deacribed in question 2 be carried out? 1Is speed of measurement
important to you? Y VES . ¢

wh Luhult;}~; 12-°%1¢4;o t<«ﬂ\§1,¢¢@::l ‘(~\tf~1 S ~loiuc

9, Over what temperature range should the AAEF be capable of operating?

2¢-37°C.
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10.

11.

12,

13,

Over what range of pH and ionic strength would you like to operate?

pH €6 —

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

et ko £aXT Cff~ il iowd ee s

N S , .
TV 2 R PR S 7\ PRV T 14 0 ad—end~—t- e Cﬁu*-ua«.c:“ Al

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 5X) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (£ 0.12)7

A'.U.u:.»‘ (oo A ' "{LJ GI}.LQC&,U iLb\.bL(L-.".L»V

il

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

(e i L2, Ll e
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Name and address
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13,

1.

2.

3.

3.

6.

7.

9.

What is the smallest total sample size (number of cells) that you would wish

to examine? 148 h‘ " M

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

100's

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

/| — 20,
/
What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

T'NO POVLULA TIOWS wWiTH N -20 2, Di Ao e o
Mol Ty  Coued BF  SGN i ANTAY SEPariTed

What are the highest and lowest absolute mobility values you would wish 11
measure?

TR STa) iy /v
HPor s\ WP 00 05D (en.s
What should the absolute accuracy of each mobility determination be?

M Acucsig #L 2l

What is the minimum mobility difference the AAEF should be able to resolve?

10% ok beder _tuimbas

ed neadurt ity /lbf’p-hav"
za~-

How rapidly, and at what intervals, should the electrophoretic character
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

Jg D ‘
Over what temperature range should the A/%)' be capable of operating?
Rt _6  31°C.
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10.

11.

12.

13,

Over what range of pH and ionic strength would you like to operate?

"‘!og'z g( w ?ar v

U*LL makl Yoise ndio o Allcrvmo.l

5
Are there any unusual limitations on the typks of materials to which your
samples can be exposed during electrophoresis?

Thote ki s TA Trowes  Toa7 Arey 7o £ oeoGyc, 74
'8
MpDIeR v B THhA T Assi T AC e £ ATvE -

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (t 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (* 0.1%)?

IMPINE hnr O MwWEWER - CM\PQ:“-uig‘

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13,

1.

2.

3.

4.

5.

6.

7.

9.

What 1s the smallest total sample size (number of cells) that you would wish

to examine? 6
10° oflp

How many individual cell mobi'ity determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

Moy, 8] 250
-
What are the diameters of the largest and smallest particlea you would like

to examine electrophoretically?
¥ um s /t%;;ﬂl.

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

A%MQ_Q‘

What are the highest and lowest absolute mobility values you would wish to
measure?

-l -

0 kb 14SuM g Vom
4

What should the absolute accuracy of each mobility determination be?
).

What is the minimum nmobility difference the AAEF should be able to resolve?

How rapidly, and at vhat intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? Is speed of measurement
important to you?

250 Y / [
Over what temperature range should the AAEF be capable of operating?
) e
AS 37°C.
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10.

11.

12.

13.

S N R R TR B

P s g

Over what range of pH and ionic strength would you like to operate?

T2pH + 02 - Noweoubin
egpenled

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

h[n *mt:nlﬂi g!!g!r t!!ﬂ gm!dé!@ ) Al

.

L e c e £ a{ o

1S
Would you rather have an appara*us that produced rapid (1 per minute) but
approximate (: 5X) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (* 0.1%)?

SPouren sk moweaccunads -

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1. What is the smallest total sample size (number of cells) that you would wish
to examine? 3

10
2, How many individual cell mobility determinations would be required in any

one suspending medium to electrophoretically characterize the most complex
po;ulation with which you would like to deal?

3. What are the diameters of the largest and smallest particles you would like

to exsmine electrophoretically?
525 um
4

4. What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

wsw AALY  guaadl CWM.L“

ggiﬂ ot Flos goet Veaadle , ifég ‘hF éé!!::!! ( ,2 ;1 ¥ «aln4§4144¢g

5. What are the highest and lowest absolute mobility values you would wish to
measure?

N 0.2 b 2.5’}1:100«):' v!

6. What should the absolute accuracy of each mobility determination be?

3 3%

7. What is the minimum mobility difference the AAEF should be able to resolve?

5%

8. How rapidly, and at what intervals, should the electrophoretic characteriza- ]
tion described in question 2 be carried out? Is speed of measurement ‘
important to you?

/U%icac ek @, ¢I¢444J\f:;2[:

9. Over what temperature range should the AAEF be capable of operating?

20-30°C
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10.

11.

12,

13.

Over what range of pH and ionic stremgth would you like to operate?

pHN?. 0014 o 0.15

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

M ‘/‘“pcw. aﬂc(_%f‘“ﬁk M*%A fnner calls )

Would you rather have an apparatus that produced rapid (1 per minute) but

approximate (* 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0,1%)?

Tie Ao acccrale g .

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1. What is the smallest total sample size (number of cells) that you would wish
to examine? 5
10-

2. How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

: E (300)

g 3. What are the diameters of the largest and smallest particles you would like
. to examine electrophoretically?

5u-500u
/ /

x"’\ﬂ"ﬁl

4. What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

3 ——Cumulative histograms analyzed by chonel analyzer giving the number of cells,

an trophoreti bility of each popu Iation‘ as defined bzgoussion distribuﬁo)

5. What are the highest and lowest absolute mobility values you would wish to

Caak s ot L
E:dmj

r‘; measure?
- . -1,,-1 -1,,-1
expressed inum.sec. V cm __0..20_-_1_207‘1.&.&.:.4 cm
] 6. What should the absolute accuracy of each mobility determination be?
s The mobility of human red cells is taken

as control reference test 99 %
7. What is the minimum mobility difference the AAEF should be able to resolve?

+3%

§. How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? Is speed of measurement
important to you?

9, Over what temperature range should the AAEF be capable of operating?

25+ 0.01°C
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10.

11.

12.

13.

Over what range of pH and ionic strength would you like to operate?

pH 7.2 NaCl 0,145 M and/or 0.168 M

Are there any unusual limitations on the types of materials to which your

sample: can be exposed during electrophoresis?

Na

Would you rather have an apparatus that produced rapid (1 per minute) but
appreximate (+ 5%) mobility spectra or one that was slower (15 minutes per

determinatin) but more accurate (+ 0.1%)?

Both possibilities

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an

instrument :s worthwhile? Do you have any additional comments?

I would be.very obligfd to you if you could give me more informgtions

about the apparatus, his price and availabilj

Dr. D. SABOLOVIC

LN.S. E R M
Unité de Canceérologie Expérimentale
et de Radiobiologie - U 95
Plateau de Brabois
54500 VANDCEUVRE (France)
Tel. 55.52.01
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

.

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in resp-nse to question 13.

1.

2.

3.

5.

6.

7.

8.

9.

What is the smallest total sample size (number of cells) that you would wish
to examine? o
/0O cells

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

3000 cefls

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

bop~ ol p

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

tuvndod deviodion | fregoncy diatns futirn

T+ g A cofidimin Limit)

What are the highest and lowest absolute mobility values you would wish to
measure?

- 0, 3 /\_/'/.3 /'(MC—' l/--'Ch\.n

What should the absolute accuracy of each mobility determination be?
t§7~ Y

What is the minimum mobility difference the AAEF should be able to resolve?

- !
0’00//("‘(—" V~C1~\_,

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? Is speed of measurement
important to you?

(A—éﬁik:, S‘ »\.r‘n,uzu, 1; ‘g (AW a/w.,zt( ) neT '.uiu—vmf ZL—L R

Over what temperature range should the AAEF be capable of operating?
0C A @3
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10.

11.

12.

13.

S

Over what range of pH and ionic strength would you like to operate?

2.0 ~ L)

Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

e

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

¢ o tnwlee o 1[%(«.'&6'/,) et doerribla_

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

u('. A/,,,fu i ?ut’ eleet LCILL e lieal f/ ZQJ\,A eUiena Te ol
aveptic el fer 1 lc MMM Ll culture
4o deteedt df’(ﬁvu-/ /temmon-a ot (. t7 )

CHIKAKO SATO, M.D.

SWCPARTMENT O EXPERIMENTAL RADIOLOGY
AICHI  CANCER CENTER
RFSEARCH INSTITUTE
CINEUSA E'J NAGOYA, JAPAN

Name and address
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any couments or additional requirements are welcomed; please
include them in response to question 13.

1.

3.

4.

5.

O

8.

9.

What is the smallest total sample size (number of cells) that you would wish

to examine? 5
~ 102 cells should be available in the sample

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

500-1000 individual cell mobility determinations

What are the diameters of the largest and smallest particles you would lile
to examine electrophoretically?

0.5 um to 30 ym diameter

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

mean, mode, standard deviation, no. of individual measurements,

histogram plotting capability

What are the highest and lowest absolute mobility values you would wish to
measure?

0.1 um/sec/v/cm to 5.0 um/sec/v/cm

What should the absolute accuracy of each mobility determination be?

0.03 um/sec/v/cm

What is the minimum mobility difference the AAEF should be able to resolve?

0.10 um/sec/v/cm

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? Is speed of measurement

important to you? ag fagt as possible say v 50 individual cell mobility
determinations per minute. Speed of measurement is important because of

time dependent changes jip mobility,
Over what temperature range should the AAEF be capable of operating?

0° - 40°C
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10.

11.

12,

13.

Over what range of pH and ionic strength would you like to operate?

pH 1.0-12,0 uni-univalent ion
concentration range 1.0 M - U.00I M
Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

Surface should be non-adhesive to biological cells and not produce

activation of biological systems eg.platelets.

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (+ 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (* 0.1%)?

Slower but more accurate

Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

The development of guch an dnstzument would be dnvaluable in several arcas
including (1) the electrokinetic characterization of lymphocyte subpopulations,
(2) documentation of the electrophoretic behavior of blood platelets on
exposure to a variety of pharmeceutical agents. Studies involving platelets
have been difficult to impossible because of time dependent changes in their
electrophoretic mobility, and (3) kinetic studies of cellular growth rates,
cell cycle changes and regeneration of modified cell surfaces of cultured
or isolated biological cells by electrophoretic means.

08 Seaman

N and address

G.V.F, Seaman

Department of Neurology

University of Oregon Health Sciences Center
Portland, Oregon 97201
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At the moment I am no longer engaged in investigations using cell
electrophoresis. Therefore I can only make suggestions from my

previous experiences with preparative electrophoretic separation

using the apparatus of Hannig and Zeiller. From these I would like

to make the following remarks:

The main question is whether or not electrophoretic mobility values

can be correlated to biological properties. Therefore the use of ana-
lytical cell electrophoresis seems to be only worthwhile when well
defined cell suspensions or cells separated by other separation methods
are checked whether they are homogenous or not. The effort should be to
develop further the preparative facilitles. Analytical methods could then
be used to decide whether or not a preparative electrophoretic separation
would be worthwhile or not.

ein

Centér of Basic Clinical Research
Dept. Clinical Physiologle
Parstr. 10-11

79 Ul m, West Germany

new address Dr.med. QGliinther Stein
II. Frauenklinik der
Universitdt Minchen
Lindwurmstrasse 2
8 Minchen, Germany

ORIGINAL PAGE IS
OF POOR QUALITY
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- ' centre régional de

H

OIRECTEUR  PROFESSEUR F STREIFF

N.R.: CG/75518

0.1,

RUE LIONNOIS .

Dr D.E. BROOKS
Department of Neurology

transfusion sanguine et d’'hématologie

University of Oregon Health Sciences

Center
Portland, Oregon 97201

December 06, 1975

pear Doctor BROOKS,

Thank you for your letter of November 24th concerning

liquid phase eleccrophoresis.,bur idea seems very interesting to me

and I send you back the form duly filled.

I _shall very ipterested by the result of vour inguiry and

should like to know the position of the NASA,

Remaining at your disposal for any questions you would

like to ask me,

Sincerely Yours.

Dr J.F. STOLTZ

54 - NANCY - TELEPHONE 52.80.84 . 52.00.87 - 82.80.07 .
11

TELEX 880.20
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CenTre HospitaLier RecioNal DE NANCY

20, Avenve du Maréchal deo Lettre de Tassigny, 29
Case officiolle N® 134 54037 Nency Coden

stavict TEL. : 24.69.89 . 24.00.34
D8 REANIMATION (lignes groupdes)

PROFESSEUR A. LARCAN Poste 492

Nancy, 8 Décembre 1975

Dr D.E. BROOKS

Department of Neurology

University of Bregon Health Sciences Center
PORTLAND, Oregon 97201

Dear Doctor Brooks,

I received your very interesting letter concerning the
apparatus for the study of electrophoretic mobility of blood components.

You had sent the same letter to my coworker M. STOLTZ. I quite
agree with the terms of his answer. However, if you desire the” I also
complete the specification forms, please tell it to me, but I shall

answer strictly in the same way as M. STOLTZ. Therefore, will you consider
thet Dr Stoltz's answer has been made in his name and in my own name.

Yours sincerely

Professeur A. LARCAN /
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1.

2.

3.

5.

7.

8.

9.

What is the smallest total sample size (number of cells) that you would wish

to examine?
volume 0,5 to 1 cc N = 5 000 cells/ ml

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex

population with which you would like to deal?a) 100 for suspension of one ty.
b) 500 to 1000 if several popul .

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

1p-20p

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

Mobility distribution curve

What are the highest and lowest absolute mobility values you would wish to
measure?

0,4p/8/V/em =~ 3 /8/V/cm

What should the absolute accuracy of each mobility determination be?
0,01 - 0,02 u/s/V/cm

What is the minimum mobility difference the AAEF ghould be able to resolve?
0,054 /8/V/cn

How rapidly, and at what intervals, should the electrophoretic character:za-
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

Rapidity (IOA) for case g and 1' for case v

—The speed ig important-for kinetic measurements

Over what temperature range should the AAEF be capable of operating?
0¢ - 40°
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I 10, Over what range of pH and ionic strength would you like to operate?
2 <pH <11l
I: 0,01< I< 0,2
11. Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?

[ %
I 12. Would you rather have an apparatus that produced rapid (1 per minute) but
: - approximate (t 5%) mobility spectra or one that was slower (15 minutes per

determination) but more accurate (* 0.1%)?

. betveen both !l Precision 21 2 - Time 3 to 5 minuts

R 13. Do you have any other requircments that should be considered in providing
specifications for the AAEF? Do you think the development of such an
- instrument is worthwhile? Do you have any additional comments?

Dr J.F. STOLTZ
- Chairman of Hemorheology research
: Laboratory
: Centrea Régional de Transfusion Sanguine
Bureau de Poste de Brabois
Route Nationale 74
L. . 54500 - VANDOEUVRE-LES-NANCY  France

Name and address
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESLIS FACILITY

Please provide the values for the parameters given below which would best suit
your applicatione. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1.

8.

What is the smallest total sample size (number of cells) that you would wish
to examine? 105

How many individual cell mobility determinations would be required in any
one suspending medium tc electrophoretically characterize the most complex
population with which yvu would like to deal?

104

What :re the diameters of the largest and smallest particles you would like
to examine electrophoretically?

1.0 pm - 50 pm

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

1f microscopic method: complete parabola fit with S5.D.s of all coefficients

If laser-doppler method: freque.cy peak heights, widths, and areas plus graphics

If bulk method optical scan transformed to cell number or mass, peak widths,
heights, areas, graphics.

What are the highest and lowest absolute mobility values you would wish to
measure?

0.00 - 4.00 pm-cm/V-sec

What should the absolute accuracy of each mobility determination be?

Accuracy 5%
Precision 1%

What is the minimum mobility difference the AAEF should be able to resolve?

3%- 5%

or about 0.04 pm-cm/V-sec
How rapidly, and at what intervals, should the electrophoretic characteriza-

tion described in question 2 be carried out? 1Is speed of measurement
important to you?

15 min or less per measurement. Sometimes th’ is important.

Over what temperature range should the AAEF be capable of operating?

1°C - 45°C
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10.

11.

12.

13.

Over what range of pH and ionic strength would you like to operate?
pH 1.0 -~ 10.0, P/Z 2 0.001 - 0.20
Are there any unusual limitations on the types of materials to which your
samples can be exposed during electrophoresis?
Exposure to neutral polymers in solution should be optional and unnecessary.
Polyvalent electrolysis products should be avoided.
Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 52) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?
Both options should be available, depending upon the application,
Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
The problem of detecting small electrophoretic subpopulations of particles
is an important one; therefore, it i
mobilities of large numbe £ t . There must be low noise and

population distribution widths that do not for any technical reason exceed
those that are determined by nature. If the facility will be very expensive to
build an early start should be made on the development of a broadly-based

user program ‘with clearly-defined user policies and some indication from the
granting agencies that travel funds will be available to investigators whose
projects include use of the facility. 1I'll be glad to contribute whatever
knowledge 1 can from my experience with users groups.

Pl oL

Paul Todd
618 Life Sciences Building
University Park, Pennsylvania 16812

Name and address
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Telephone: Fulmer 2121
Registered Offices:
Greenford, Middlesex

Glaxo Research Ltd, Sefton Park, Stoke Poges, SL2 4DZ
5th December 1975

Please address reply to:

Mr E.G. Tomich

Dr D.E. Brooks

Department of Neurology

University of Oregon Health Sciences Center
Portland

Oregon 97201

USA

Dear Dr Brooks,
Thank you for your letter of November 24.

I have answered your questionnaire as fully as possible,
but you will see that my experience in electrophoretic mobility
studies is limited to mammalian platelets. However, because of
the leading role played by platelets in the initial stage of
the aetiology of arterial thrombogenesis, interest in platelet
behaviour is world-wide and increasing very rapidly.

I firmly believe that, when an effective antithrombotic
asent is found and unequivocably confirmed clinically, its mode
of action will be found to depend on the nature and degree of
the electric charges it produces on the platelet membrane
(direct or mediated through some blood component) and/or on

the damaged endothelium.

Hoping that my answers will be of some assistance to you,

I am,
Yours sincerely,
e
£.G. Tomich, B.Sc., F.R.I.C.,
ORIGINAI‘PAGEIS F.I.Bl°1-
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the -alues for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1.

3.

5.

6.

8.

What is the smallest total sample size (number of cells) that you would wish
to examine?
Qs wade Q13

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal? T ! bk .

ack Lae Ko 1O

What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

-8 p»
L

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

What are the highest and lowest absolute mobility values you would wish to
measure?

§- 3°,rl~<"/“1w

What should the absolute accuracy of each mobility determination be?
A wmdtn Q3.

What is the minimum mobility difference the AAEF should be able to resolve?

—

% 03 ppacf Vem

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

Aas  wadea Qv

Over what temperature range should the AAEF be capable of operating?
25- 4ot
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10. Over what range of pH and ionic strength would you like to operate?
PR Toiy WAL 91k-1ﬂt * A ?‘o‘hhx';uak-&ﬂ&am-

11. Are there any unusual limitations on the types of materials to which your
gamples can be exposed during electrophoresis?

) Apla X wry Aaply Ao axponese “MM

W, wolens Aave oaid S

e amd Sean adhoday

12, Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.1%)?

M\,\;m% e Loty

13. Do you have any other requirements that should be considersd in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?

l’\n.an.\pw - “\AM Q\MM‘M EMM-‘?"\‘-M* -
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NASHVILLE, TENNESSEE 37232 Tsrernons (615) 322-.7311

|
E VANDERBILT UNIVERSITY
I

School of Medicine « Direct phone 322-3304

- February 24, 1976
Dr. D.E. Brooks

: Department of Neurology

E University of Oregan Health

‘ Sciences Center

Portland, Oregan 97201

Dear Dr. Brooks:

- As your form was sent to Amsterdam I did not
receive it before February 23.

- I would be interested if you could keep me
i informed about the progress of this project.

Yours truly,

Chris J. van Boxtel, M.D.

CJvB:pc
Enclosure
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please

include them in response to question 13.

1. What is the smallest total sample size (number of cells) that you would wish

to examine? 4
10

2, How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal?

200 or more

3. What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

0,5 - 100 y diameter

4., What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

nedium, mean, standard deviation, standard error

S. What are the highest and lowest absolute mobility values you would wish to
measure?

0.5 - 20 u/s/V/cm

6. What should the absolute accuracy of each mobility determination be?
* 2%

7. What is the minimum mobility difference the AAEF should be able to resolve?

0.01 u/S/Viem

8. How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? Is speed of measurement
important to you?

~No
9, Over what temperature range should the AAEF be capable of operating?

Most systems appeared not to be temperature dependent
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10.

11.

12.

13.

Over what range of pH and ionic strength would you like to operate?

Physiologic

Are there any unusual limitations on the types of materials to which your

samples can be exposed during electrophoresis?

Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (* 52) mobility spectra or one that was slower (15 minutes per

determination) but more accurate (+ 0.12)7..

slow and more accurate

Do you have any other requirements that should
specifications for the AAEF? Do you think the

be considered in providing
development of such an

instrument is worthwhile? Do you have any additional comments?

Provisions for commecting the AAEF to an automatic all-separation device

could be useful.

I feel that there are many agglications for this instrument in medical research.
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Chris J. van Boxtel, M.D.
Visiting Scientist

Dept. Pharmacology
Vanderbilt University
School of Medicine
Nashville, Tennessee 37232
U.S.A.

Name and address
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13,

1.

2.

3.

5.

6.

7.

8.

9.

What is the smallest total sample size (number of celis) that you would wish
to examine? C{ome hundred ce?ls.This wouia allow serial determinati.ns

in immunodeficient babies.

How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex
population with which you would like to deal? For the mixed population of the

splcen «t least two hunarcd cells,aesending of the accuracy of the

apparatus
What are the diameters of the largest and smallest particles you would like
to examine electrophoretically?

e 25 pm

What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribution of your cell populations?

~tucent'!s t-test,wWilcozons test for raired cistrioutions.A test for

tne stanaard aeviation of the mean.

What are the highest and lowest absolute mobility values you would wish to
measure? jopends on the saspencion mewium.In saline aoout 1,9-0.3

ua/cee/V/en

What should the absolute accuracy of each mobiliry determination be?

et

1-)/'0

What is the minimum mobility difference the AAEF should be able to resolve?

N4

1-54“

How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement
important to you? iundrcu cetcrainations in wax. 10 min,Interval of

‘¥. 2 .0 for choncine of cell suspensions,The inter-all of cha .

i Y )

- ey - " T " P IS o O T
L A | oo Lo et D TRV G Nt oF e R PN

Over what temperature range should the AAEF be capable of operating?
(Y -0 -
+ - PR 37 V]
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10, Over what range of pH and ionic strength would you like to operate?
pid J -1H 10

11. Are there any unusual limitations on the types of waterials to which your
samples can be exposed during electrophoresis?

12, Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (t 5%) mobility spectra or one that was slower (15 minutes per
determination) but more accurate (¢ 0.1%)? If deb.roinations ucans tie

e B —es B s B s B ~esces B - I

L oving .0 o orered cells I would rather prefer the slower and
hOT . wCCULBLC Gy €ydl 1L M T1C SCO 7 eger
13. Do you have any other requirements that should be considered in provfhing *
specifications for the AAEF? Do you think the development of such an
[ instrument is worthwhile? Do you have any additional commmts?
T gcor i wibt . thie Zeiss Cytocherometer has several dis-

wavuntages:

Ygeu lor a rreat damber of cells.Time consumihg.Dow regroduc-
chiilily.2ifficuit Lo obtain stable conditions for scorri g.

'Milc the latter is wceins taken kare of by the zero gravity
I also taink the former aisadvantages must be dealt with 1('the

ey MY M

teecanicne shou u be any useful.
e for the ZBY ceteruinatics of lymphoid cells I think an

A

i ccucacy of ol least 1% must be obtained if the AAEF should be

[ S |

ao:: bo proviue new infouruoatio. s.

[ S |

1

Yours sincerely

b v

) Y
¥ Johgn N. \ﬁig
5016 Ziaukeiand Hospital
Pu. Jorry for my 1lAt. answering. Norway

Name and address
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UNIVERSITRE DE PARIS

FACULTE DE MEDECINE SAINT-ANTOINE

| —

e e gt

27, RUE CHALIGNY, PARIS XIlis
TL. 343. 02-08

SERVICE DE BIOPHYSIQUE

Pr. G. MILHAUD

Pr. AGR. B. MENSCH

Dear Dr. Brooks,

Many thanks for including my name in the electrophoresis

Paris, 12th December 1975

Dr. D.E., BROOKS

Department of Neurology
University of Oregon Health
Sciences Center

PORTLAND OREGON 97201

user community. I am very interested in the development of the AAEF,
1 hoBe Jou will succeed in_the setting up of such Zn _2pparatus,

You will find here enclosed the comments you requested.

Sincerely yours,
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL
ELECTROPHORESIS FACILITY

Please provide the values for the parameters given below which would best suit
your applications. Any comments or additional requirements are welcomed; please
include them in response to question 13.

1. What is the smallest total sample size (number of cells) that you would wish

to examine? .

2, How many individual cell mobility determinations would be required in any
one suspending medium to electrophoretically characterize the most complex

population with which you would like to deal?
_ 250 ofls

3. What are the diameters of the largest and smallest particles you would like

to examine electrophoretically?

4, What statistical parameters should be provided by the AAEF to adequately
describe the mobility distribuiion of your cell populations?

5
¥
é
i
4

5. What are the highest and lowest absolute mobility values you would wish to

measure?
2,50_4o  0.30 }a.u.lu_[![pw

6. What should the absolute accuracy of each mobility determination be?

.__32&£5L7Hﬂllililvzkﬂl__.

7. What is the minimum mobility difference the AAEF should be able to resolve?

0. & }mjg ZVlc_u,

8. How rapidly, and at what intervals, should the electrophoretic characteriza-
tion described in question 2 be carried out? 1Is speed of measurement
important to you?

e commudn

9. Over what temperature range should the AAEF be capable of operating?
4°¢ —> ho’cC
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10. Over what range of pH and ionic strength would you like tc opercte?
0.005 < T <& o. 4§

oM 7.

11. Are there any unusual limitations on the types of materials to v .., your
samples can be exposed during electrophoresis?

Vo .

12. Would you rather have an apparatus that produced rapid (1 per minute) but
approximate (z 5%) .iobility spectra or one that was slower (15 minutes per
determination) but more accurate (+ 0.12)?

P sccnd alfonatin

13. Do you have any other requirements that should be considered in providing
specifications for the AAEF? Do you think the development of such an
instrument is worthwhile? Do you have any additional comments?
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Name gnd address
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